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I INTRODUCTION

I.A BACKGROUND AND SCOPE OF THE' PROCEEDING

The Nuclear Regulatory Commission (the Commission or NRC) has
defined the scope of this rulemaking as follows (1):

|

The r,urpose of this proceeding is solely to assess
gene. ically the degree of assurance now available that
radioactive waste can be safely disposed of, to deter-
mine when such disposal ' or off-site storage will be
avai.lable, and to determine whether radioactive wastes
can be safely stored on-site past the expiration of
existing facility licenses until off-site disposal or
storage is available.

This rulemaking was initiated by the Commission in response to
the decision of the United States Court of Appeals in State of Minnesota v.
NRC (2). It also is a continuation of previous proceedings conducted by the
Commission concerning its' confidence as to whether methods of safe disposal of
high-level nuclear wastes will be available when they are needed (3).

On ?3 May 1979, the United States Court of Appeals for the
District of Columbia Circuit remanded two licensing actions to the Commission
to consider whether an off-site storage solution for nuclear wastes will be
available by the expiration dates of the operating licenses of the Vermont
Yankee and Prairie Island nuclear power plants, to which the Commission had
granted permits to increase on-site spent fuel storage facilities, and, if
not, whether spent fuel can be stored n he sites past those dates and until

an off-site solution is available. The court did' not set aside or stay the
challenged license amendments.

The Commission, on 25 October 1979, issued a Notice of Proposed
Rulemaking which commenced this proceeding (1). Pursuant- to that Notice, the
United States Department of Energy (the Department or DOE), on 23 November

;

1979, filed a Notice of Intent to be a _ Full Participant in, this proceeding. I

On 22 January 1980, a prehearing conference was held by the Presiding Officer -
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appointed by the Comission to monitor the early stages of the proceeding and
to assist the Commission in conducting the later portions.

This Statement of Position is filed pursuant to the Order is-

sued by the Presiding Officer on 1 February 1980 (4). In Sat Order, the

Presiding Officer . sustained the Department's position that this proceeding
should consider, as the representative case for handling high-level nuclear
wastes, disposal and storage of speni, nuclear fuel taken directly from comer-
cial power reactors. This approach is consistent with the fact that the Com-
mission previously suspended its further' consideration of reprocessing of
spent fuel from comercial reactors, In the Matter of Generic Environmental
Statement of Mixed 0xide Fuel, Docket No. RM-50-5, 42 Fed. Reg. 65,334 (1977);
following the decision of the President on 7 April 1977 to defer indefinitely
all civilian reprocessing of spent fuel. In view of the fact that the

Commission need find reasonable assurance only that spent fuel in some form
can be safely . stored and disposed of by any single method and the need to
avoid injection of extraneous matter into this already complicated proceeding,
it is appropriate to address the direct storage and disposal of spent fuel as
the representative case.*

The Presiding Officer also has ordered that this proceeding is
concerned solely with high-level waste, and that issues of low-level waste,
uranium mill tailings and the safety of transportation of waste materials are
not within its scope (4). Consequently, there is no necessity to explore here
these other issues, which have been or are being considered by the Commission

i in other proceedings.

I.9 DEPARTMENT OF ENERGY AUTHORITY AND EXPERIENCE

l
The Department of Energy has the statutory mandate and lead re-

'

sponsibility to conduct for the Federal Government research concerning, nuclear' I

* Assessing confidence. in the ability to store and dispose of spent fuel does -
not prejudge in .any way using other approaches, such as 'the reprocessing of -
spent fuel .and solidification of resultant nuclear wastes. In view of contin-
ued interest in the potential performance of specially processed waste forms !

in providing long-term isolation in disposal' facilities, 'a summary -. of - the !

status of research and development programs considering these alternative ;

waste forms is provided in.this Statement as additional: background information.-
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waste management and the ultimate disposal of certain nuclear materials. The

President.in a Message to Congress on 12 February 1980 reiterated the role of
the Department as the lead agency for the management and disposal of radio-

active wastes (5). (A copy of his Message is attached as Appendix A.)
Pursuant to this responsibility, the Department is conducting the National
Waste Terminal Storage (NWTS) Program to develop a plan for the disposal of
radioactive waste, to develop methods to isolate such waste and to identify
appropriate sites for disposal facilities.

For interim storage of spent fuel, the Administration has pro-
s

posed to Congress a bill which would give the Department authority to enter
into contracts with hRC licensees to accept comercial spent fuel for storage
and disposal at federally operated facilities (6). The Department is develop-*

ing a program for prompt implementation of the bill, once enacted.
The Department- and its predecessor agencies have been involved'

in the management of radioactive waste since 1944 when radioactive waste was
first generated as a byproduct of national defense programs. The principa'l

~

source of this waste has been the reprocessing of reactor fuel to recover
fissionable materials for use in the Nation's defense program. Radioactive
waste also has resulted from the production of components for weapons,
laboratory experiments, and reactor operations (7).

The objectives of the Department's operating waste management
program for safe interim storage are to ensure that (i) DOE radioactive wastes
are handled, processed, stored, and disposed of safely; ~and (ii) interim
storage of the waste is accomplished in a manner compatible with options under
consideration for long-term management. The interim storage program has foc-
used on providing multiple containment barriers to prevent releases of radio-
active material to the environment, surveillance and monitoring of waste
storage facilities and the surrounding environment, and maintenance and
improvement of waste handling and storage facilities (8)'.

In the past 35 years, the' Department and its predecessor agen-
cies have accumulated thousands of man-years of experience in managing radio-
active waste at various sites around the country. During this time, active

health and safety programs have been maintained to reduce- industrial- and
radiological accidents to levels as -low as reasonably achievable. Accidents
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and releases of r&Jioactive materials have occurred, but there have been no
injuries to members of the public or serious environmental damage as a result
of these operations.

The environmental impacts of the Department's waste management

operations at various sites have been analyzed extensively. Environmental

impact statements (EIS's) have been published for the Hanford, Savannah River,

and Idaho sites (9-11). An EIS for the Oak Ridge site is being prepared.
Numerous other environmental and safety analyses have been prepared for
specific facilities and operations (12). The conclusions of the completed

studies are that the Department's waste management operations present no
significant radiological hazard or other adverse impact to employees, the
public, or the environment. The Department's waste management program also

has been assessed by independent organizations, such as the National Academy
of Sciences and the General Accounting Office. These reviews, while

identifying possible improvements, have shown that the Department's operations -

have not and do not present a significant hazard (13-15).

I.C POSITION OF THE DEPARTMENT OF ENERGY

The Department of Energy will demonstrate in this Statement of
Position and throughout this proceeding that:

1. Spent nuclear fuel from licensed facilities ulti-
mately can be. disposed of safely off-site.

2. Disposal facilities will be in operation between
1997 and 2006, and the initial increment of off-
site storage facilities can be in operation by
1983.

3. Spent nuclear fuel from licensed facilities can
be stored safely either on-site or off-site until
disposed of ultimately.

The issues facing the Nuclear Regulatory Commission in this
rulemaking are what will be the disposition of spent fuel stored at the sites
of operating power reactors and how questions about such d lposition should be
addressed in individual NRC licensing proceedings. In considering whether or
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not indivridual licensing proceedings should address the possibility that spent
~

fuel trigqt have to be retained at reactors beyond the expiration of their

operating licenses, it is necessary for the Commission to determine whether or
not off-site f acilities for the disposal or storage of spent fuel will be

available on a timely basis. In making this determination, it is necessary
that the Commission find only that at least one method will be available for
the off-site disposition of high-level nuclear wastes. The Department in this
Statement assesses the technique by which spent fuel presently stored at util-
ity reactor sites would be disposed of directly. In presenting its assessment
of this technique, the Department is in no way suggesting a judgment of the
potential suitability or nonsuitability of other techniques for treatment and

,

disposal of radioactive wastes.

Because any program for off-site handling and storage of spent
fuel must result ultimately in the safe and environmentally acceptable dispos-
al of radioactive wastes, the Department in this Statement first discusses the
issue of the ultimate disposal. This discussion addresses the technical basis
upon which a determination can be made that nuclear waste from licensed

f acilities can be disposed of safely. This discussion considers throughout
those issues requiring resolution prior to the successful disposal of these
eastes. Also discussed is the program plan that will lead to the actual

construction of disposal facilities. The Department doec r.uc attempt to prove -

that safe disposal of these radioactive wastes, with the required approval of
the appropriate regulatory authorities, can be achieved today. Rather, the

Department shows that such disposal can be achieved within reasonable times
(which are specified) upon completion of its current research and development
and site exploration programs.

Existing storage capacity for spent fuel being discharged by
nuclear power reactors now in operation is being depleted. In view of the

fact that a program to develop and begin operation of permanent disposal
facilities, that will satisfy the detailed technical and administrative review

of regulatory authorities may well require 15 years or more, it is necessary
that in the interim, some temporary off-site storage of spent nuclear fuel be
provided. The Department of Energy's proposed program would provide safe and
environmentally acceptable off-site storage pending availability of disposal'
capacity. The Department has identified a need for a limited amount of off-

I-5



site' storage of spent fuel beginning 'in the early to mid-1980's.and has deter--
~ mined that water basin storage is appropriate for Government-sponsored off-
site storage facilities.

The Department of Energy's program for the management of high-
level radioactive wastes is the program announced by the President of the
United States in his Message to the Congress .on 12 February 1980 (5). In his
statement, the President outlined details of the program. With regard to

waste disposal, he said:

. . for disposal of high-level radioactive waste, I.

am adopting an interim planning strategy focused on
the , use of mined geologic repositories capable of
accepting both waste from reprocessing and unrepro-
cessed comercial spent fuel. An interim strategy is
needed since final decisions on many steps which need
to be taken should be preceded by a full environment-,

al review under the National Environmental Policy
Act. In its search for suitable sites for high-level
waste repositories, the Department of Energy has

; mounted an expanded and diversified. program of geo-
| logic investigations that recognizes the importance
i of the interaction among geologic setting, repository
| host rock, waste form, and other engineered barriers
" on a site-specific basis. Inunediate attention will

focus on research and development and on locating and

1.
characterizing a number of potential repository sites
in a variety of different geologic enviror,ments with
diverse rock types. When four to five sites have
been evaluated and found potentially suitable, one or'

more will be selected for development as a liceased,
full-scale repository.

It is important to stress the following two points:
First, because the suitability of a geologic disposal
site can be verified only through detailed and time-
consuming site-specific evaluations, actual sites and
their geologic environments' must be carefully exam-
ined.- Second, the development of a repository will

l proceed in a careful, step-by-step. manner. Experi-
ence and information gained in each phase will be
reviewed -and evaluated to determine if there is
enough . knowledge to proceed with the next stage of
development. We should be ' ready to select the site
for the first,. full-scale repository by about 1985
and have|it operational by the mid 1990's . .:.

%
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With regard to storage of spent fuel, the President said:

In contrast, storage of commercial spent _ fuel- is
primarily a responsibility of the utilities. I want
to stress that interim spent fuel storage capacity is
not an alternative to permanent disposal. However, |
adequate storage is necessary until repositories are '

available. I urge the utility industry to continue i

to take all actions necessary to store spent fuel in
a manner that will protect the public and ensure
efficient and safe operation of power reactors.
However, a limited amount of government storage ca-
pacity would provide flexibility to our national
waste disposal program and an alternative for. those
utilities which are unable to expand their storage
capabilities.

I reiterate the need for early enactment of my pro-
posed spent nuclear fuel legislation. This proposal
would authorize the Department of Energy to: (1)
design, acquire or construct, and operate one or more
away-from-reactor storage f acilities, and (2) accept
for storage, until permanent disposal facilities are
available, domestic spent fuel, and a limited amount
of foreign-spent fuel in cases when such action would
further our non-proliferation policy objectives. All
costs of storage, including the cost of locating,
constructing and operating permanent geologic reposi-
tories, will be recovered through fees paid by utili-
ties and other users of the services and will ulti-
mately be borne by those who benefit from the activi-
ties generating the wastes.

For the purpose of this rulemaking, finding confidence in the
nation's ability to safely store and dispose of its radioactive waste requires

]
finding that the Department of Energy's program will culminate in licensed i

storage and disposal systems, i.e., that the Department is able (i) to under-
stand and address in its program the technical, social, political, and insti-
tutional aspects of waste management and (ii) .to use the results of the pro-
gram to develop licensed systems for the storage and disposal of spent fuel in
the time frame required by national needs.

In order to demonstratt the Department's ability to understand
and address the technical aspects of either temporary storage or- permanent

'

disposal of spent fuel, this . Statement _ includes the following examination:
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First, the various possible methods for storage or disposal of spent fuel are
assessed, and the basis for selecting a preferred method is described. Then,
each component of the preferred system is discussed individually. The factors
important to its function are described, and each proposed or existing re-~

s

quirement for its performance is stated. Because the Department's program is

to be judged on its present and future ability to develop components that meet
these requirements, the Statement next describes the current ability of the
program to meet such requirements. Where technical uncertainties concerning

that ability remain, the Statement describes' the research and development
still to be performed and explains how the results therefore are expected to
resolve these uncertainties.

This Statement shows that almost no technical uncertainties
exist concerning safe and environmentally acceptable interim storage. Some

technical uncertainties remain, however, in the disposal program. Uncertain-

ties are accounted for by providing features in the mined geologic disposal
! program that lead to a relative insensitivity to uncertainties. This is

achieved through the application of appropriate site suitability criteria to
diverse geologic environments; the provision of redundant, independent, natur-
al, and engineered features to retard the movement of radionuclides; and the
application of conservative engineering practices. Uncertainties can be eval-
uated by bcunding thei potential impacts on system performance. Bounding

analyses that take into account site suitability and redundant features
provide current confidence in the future performance of disposal systems.

'

By applying a conservative step-by-step approach in the pro-

| gram, experience and information gained at each step .will contribute to a-

reduction in uncertainties and provide a basis for proceeding to the next
step. However, even after the research and development is completed, residual
uncertainties, smaller than those which now exist, will still remain. The

Department's program and the ability to provide engineered barriers in a dis-
posal system afford sufficient flexibility to accommodate these residual un-
certainties in systems for the safe storage and permanent disposal of radio-
active waste.-

.
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-To demonstrate the Department of Energy's ability to understandt

and address the social, political, and institutional aspects of waste manage- i
. .

are presented.
,

; ment, the Department's program plans and management structures
i

| Also discussed is a description of both current and planned institutional

arrangements that have- been or will be established to enable the Nation . to
address radioactive waste management problems in a manner that promotes coop-

' erative relationships between Federal and State governments. As is discussed
~

later in this Statement, the recent initiative of. the President of the-United

States in establishing a State Planning Council to strengthen intergovern-
mental relationships and help fulfill joint responsibilities to protect public
health and safety is an important contribution to the development of the;

i necessary institutional arrangements (16).
| This Statement demonstrates that the technical and management

aspects of the Department's radioactive waste management program are well de-

| veloped. Important technical and institution.21 issues are understood and are
being . addressed so that licensable systems for storage and disposal of spent
fuel will result. The comprehensive review of the Interagency Review Group on

Nuclear Waste Management completed in 1979 and the strong support given to the,

) program by the Administration, as reflected in.the President's statement on 12

| February 1980, have substantially strengthened the program.

| Recognition of the vital importance of the management of radio-
I active wastes in the last several years has resulted in a significant growth

in the Department's program, requiring the establishment of a broadly based
management structure in the areas of both research and development and insti-

| tutional arrangements. In some cases, the management structure to integrate

j these areas has been established only recently, and it is clear that contin--
ued attention to this will be required. However, the Department submits that-

the detailed attention that has been provided to this program. at the highest
| levels of . government will continue and will enable the program to proceed as

outlined by Administration policy. '

;

As a result of the extensive- review and evaluation over the
last 2 years, the --Department's technical program for waste disposal c has ex-

.

panded greatly. The technical basis for the program has been substantially,

j. broadened. Additional scientific disciplines have teen recognized as .impor-
tant and investigators from these fields are now active in the program. The,

s
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examination of potentially suitable disposal sites has been diversified to
encompass a variety of environments with diverse rock types. Extensive site
selection work currently is being carried out in a number of different loca-
tions around the United States - and work on several new regions is to begin
shortly. The bases for decisions are now being established both internally by
the Department of Energy and externally by the responsible regulatory author-
ities, namely, the Nuclear Regulatory Commission and the Environmental Protec-
tion Agency. The development of specific criteria and standards against which

,

to measure the progress of the technical program and toward which responsible
technical participants in the program can focus their efforts will provide ad-
ditional impetus to the successful completion of the required technical work.
Finally, using a conservative approach will ensure that whatever technical4

uncertainties might still remain will not diminish confidence in the success-
ful operation of storage and disposal facilities meeting -the required stan-
dards set forth by independent regulatory authorities.

The expansion of the current waste disposal -program has built
on work conducted for over 20 years. Investigation of geologic disposal as a
means to provide safe isolation of radioactive wastes has been under way since
1957 when the initial recommendation that such disposal should be considered
as a primary candidate was made by a committee of the . National Academy of
Sciences. Whereas many of these prior investigations may not have been
structured strictly within the format now prescribed for the program, such
preliminary work has been essential in developing - an understanding of the

,

parameters of importance and guiding the future direction of the program. It

is now necessary to integrate the results of the prior investigations into the
broader program that recently has been identified by the intensive examination
of the Interagency Review Group and by the definition of program strategy by
the President. This Statement shows that the integration of the previous work
and the current strategy for the development of suitable repository sites can
be achieved readily and that, indeed, the preliminary work from the last 20
years substantially contributes to the successful- implementation of the
current program strategy.
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i

| In this Statement, the Department'shows that' implementation of
*

the waste- disposal strategy sill result in~ the . establishment of - operating
' geologic ' repositories -in the tima range of 1997 to '2006. The exact- date of -

operation depends upon a number of variables, which will be determined only by
the outcome of existing programs. If the~ examination of potential repository.

j sites in a variety of geologic environments w"h-' diverse rock types indicates

j that a' site in bedded or dome salt is prefer for the initial repository,

j the reduced construction time possible in salt and an assumption of -licens- .

j ing schedules recently forecast by the Nuclear Regulatory Commission staff
I could lead to' the operation of a repository as early as 1997. On - the - other

; hand, if further examination indicates that a repository in hard rock (such as
;' granite) would be preferable, construction in that medium would require more

time before the operation of a repository could begin. Furthermore, if- allow-
ances are made for other uncertainties (such as the time required for licen-

j sing proceedings or for collection of more extensive preliminary data than
currectly- planned prior to the licensing proceedings), the sequential 1 impo-

| sition of these allowances on future forecasts could result in initial repos-
itory operation as late as 2006.

;

In view of these predicted dates of repository availability,
j the Department also is pursuing a program to provide temporary storage -in -

off-site, or away-from-reactor, storage facilities.- While the storage of
comercial spent fuel is primarily a responsibility of the electric utilities, ,

'

the Department's program for government off-site storage capacity will provide I

i flexibility in the national waste disposal program and an alterna'.ive for
those utilities unable to expand their own storage capacities (5).- '

{ This Statement describes the technical basis for findings that

[ such off-site storage can .be provided; that current- program plans provide for
_

j. the availability of storage facilities beginning in 1983; and that- the provi
sion of such facilities can accommodate ' storage needs until repositor.ies be- !

,

come operational. The availability of-' these storage facilities will . allow IV

;, sufficient' time forL careful - and prudent development 'of. safe ' disposal facil-
! ities.

,

i-

,
-

,
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In ' suninary, the President has established a national waste

management program which is being conducted by the Department of Energy. .The
Department's waste management program has been significantly expanded and has"

incorporated the . results of intensive review by several Federal agencies,
Congressional committees, State officials, scientific groups, and the general
public. Furthermore, the Environmental Protection Agency and the Nuclear
Regulatory Commission are both actively engaged in developing a regulatory
framework that will permit licensing of waste management facilities proposed
by the Department.

The Department of Energy submits that the waste disposal- pro-
gram described in this Statement provides the basis for a finding that spent
nuclear fuel from licensed facilities will be disposed of safely within a

reasonable time. While there is no technical reason why storage at reactor
sites cannot be continued for extended periods of time, it is recognized that
shortage of storage capacity will require additional storage facilities off-

site. The technical basis for construction of such off-site storage facili-

) ties for spent nuclear fuel and a capability to provide such facilities in the
mid-1980's are available now. The Department of Energy therefore submits that,

spent nuclear fuel from licensed facilities can be both stored and disposed of
safely off-site.

I.D SUMMARY OF THE DEPARTMENT OF ENERGY'S DETAILED PRESENTATION

As previously described, the Department of Energy's presenta-
tion in this statement begins with disposal of unreprocessed spent fuel. The

discussion of disposal is presented first because the requirements for spent
fuel storage are related directly to the availability and capacity of disposal

i facilities. The amount of spent fuel which can be disposed of and the .sched-
ule for disposal will affect the storage requirements'. Af ter . discussion- of
disposal, storage is reviewed. Finally, this Statement shows how the disposal
system and the storage system will be integrated and provides examples of how
the two systems relate to each other. s
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The Department's discussion of disposal is divided into two

parts: First, this presentation explores the technical objectives and re-

quirements of a disposal system and demonstrates how those can be met. This
portion of the discussion also addresses uncertainties remaining in the pro-
gram and shows the effect of uncertainties on the performance of the system.
The Department's program for the establishment of an operating geologic
repository for the emplacement of spent nuclear fuel is then described. The

same order of presentation is followed in the discussion of storage. ]

I.D.1 Technical Basis for Disposal

t

The. goal of safe disposal is the effective isolation of radio-

nuclides from the environment in a safe and environmentally acceptable manner. |
The Nuclear Regulatory Commission will judge the adequacy of |

any high-level waste disposal system based upon predetermined criteria and
requirements. The ability of the Commission to reach a satisfactory conclu-<

sion regarding the safety aspects .of an application will be directly affected
by the manner and degree of demonstrated conformance with such criteria and
requirements. Although the Department 1s using conservative criteria and
methods, there is a need to ensure that the Departmer.t's approach will be
compatible with that required by the Commission and be amenable to timely
Commission review. Because final NRC regulations are not yet available, the
Department has developed proposed generic performance objectives, based upon a
review of a wide variety of publications on the subject. The Department ~ pro-

poses that these will be similar to those that can be expected to be promul-
gated by the Commission and suggests that they be used in this proceeding to
evalute the Department's program. The generic performance objectives which
the Department is proposing should be met by any disposal system are summar-
ized as follows:

,

1. Containment should be virtually complete during
the period dominated by fission product' decay.-

t
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2. Isolation from the accessible environment should
be effective for at least 10,000 years, and rea-
sonably foreseeable events should not produce

,

consequences greater' than normal variation in
background radiation.

3. The operational phase of a waste disposal system
should be as safe as for other nuclear fuel-cycle
facilities.

4. Environmental impacts should be mitigated to the-
extent reasonably achievable.

5. Conservative design and evaluation should be
applied to waste disposal systems to compensate
for any residual uncertainties.

6. Acceptable performance should be based on methods
reasonably available and should not depend upon
continued maintenance or surveillance for unrea-
sonable times into the future.

7. Concepts selected for implementation should be
independent of nuclear industry trends and com-
patible with national policies.

To implement these objectives for any alternative disposal
methe1, the Departn.ent has adopted a requirement for conservatism in design
and operation. This requirement is accomplished by (1) a step-wise approach
to continually reassess the state of knowledge and to assure that designs and
plans are supported by the best and latest data; (ii) a multibarrier. approach

_

in which waste is isolated from the biosphere by a series of relatively inde-
pendent and diverse barriers that would not be subject to common failure; and
(iii) use of design and operating margins to compensate for uncertainties in
design and knowledge of natural systems.

Following discussion of the basic objectives for disposal and
the conservative approach to achieve the overall goa'1, the Statement outlines
a number of disposal ~ alternatives and explains the -basis for selecting the
method of disposing of. nuclear ' waste . in mined . geologic repositories. This

method .has" been' adopted as an interim planning' strategy, i.e., not final but

subject to change until the completion of environmental reviews now being -con-
-ducted by the Department. Prior to the completion of - these environmental re-

views, no decision or commitments that would foreclose alternatives' can be
made.
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Mined geologic repositories dppear most likely to meet all of
the proposed objectives. It is believed that locations within the Earth's

crust whose primary change mechanisms require geologic time periods to occur
and which appear to provide negligible hydrologic transport potential are-

suitable for the permanent isolation of nuclear waste.
The alternatives of subseabed disposal or disposal in very deep

holes appear more amenable to being assessed with reasonably available meth-
ods, but questions remain which must be addressed. They do, however, appear

sufficiently prnmising that continued examination to assess their potential
for later development is warranted.

The mined geologic disposal system will incorporate both natur-
al and man-made systems which are composed of 3 major subsystems: the natural
system associated with the site, the waste package and the repository. To-

gether they will provide multiple barriers between the emplaced waste and the
human environment. The natural system, the natural geologic and hydrologic
features of the repository site, as well as the remoteness of the repository
(in terms of depth below the surface and distance from water supplies), pro-
vide barriers for isolating nuclear waste from people and their environment.
Engineered barriers incorporated in the waste package and repository system
provide containment of the waste delaying the time and retarding the rate of'
release of radionuclides into the far-field environment. Prior to repository

closure, the waste pack 1ge and waste form will aid in protecting both the
repository work force and the general public by containing the waste and lim-
iting the potential for its dispersal if the waste package is breached.

The natural system for waste isolation consists of the reposi-
tory host rock, surrounding geologic formations, and the associated hydrologic
environment. It is discussed in the context of a near field and a far field.
The near field provides both containment * and isolation ** for the emplaced !

* Containment means confining the radioactive wastes within prescribed boun-
daries, e.g., within a waste package.

** Isolation means segregating waste from the accessible environment (bio-
sphere) to the extent required to meet applicable radiological performance-
objectives.
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waste: containment by minimizing the likelihood that circulating ground water.
will contact the waste package, and isolation by ensuring that any migration
cf radionuclides will be very slow. The prime function of the far field is to

ensure that, if radionuclides were released from the near field, ensuing mi-
gration to the biosphere would be of sufficient duration tc satisfy the second
generic performance objective set forth previously.

The current status of natural systems investigations can be
sunnarized as follows:

1. The scope of technical information required for
evaluating natural systems and the role that,

natural systems can play in providing barriers
for containment and isolation are known.

2. Required characterization techniques are avail-,

) able; many represent the state of the art.

3. The ne'ed for additional improvement in predicting
performance of fractured, and perhaps water-
bearing, rock masses has been recognized.

4. Site identification programs are being conducted
in a number of regions and host rocks, including
basalt, granite, shale, salt, and tuff; some are
well advanced.

5. Investigations to date strongly suggest that
acceptable natural systems exist that will meet
the performance objectives.

6. The diversity of . media' under evaluation, the
large number of potentially suitable sites con-
tained in the areas and regions being studied,
and the NWTS Program's ability to successfullly
screen for sites using criteria and the available
performance assessment techniques will result in

.

identifying, qualifying, and licensing repository
sites.

The discussion then turns from the natural systems of mined
geologic disposal. to the man-made systems. These systems are made up of three
basic functional components: the waste package system, the repository system,
and human intrusion barriers.

!
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The waste package system includes everything man places in the i

repository ' waste emplacement hole, e.g., the waste form, canister, overpack,
and backfill. These various package system components will be used to reduce j
overall technical uncertainties by virtue of their conservative engineering-

design and by providing barriers in addition to those provided by the host
rock and surrounding strata.

|

Extensive testing and development studies have been underway
for several years on the waste package and specific components of the package,
e.g., waste forms. While these studies are not complete, results to date
indicate _ that the waste packages can be designed and fabricated to meet the
previously stated objective to provide virtually complete containment of the
wastes during the period dominated by fission product decay.

The second component of the man-made systems, the repository
system, provides for the receipt, inspection, transfer to the underground

empl acement , and containment after closure of radioactive waste. The system

must also contribute to the long-term isolation of the waste by limiting
adverse impacts on the natural isolation system during development of the
repository, and to the extent possible, by enhancing isolation through the use
of engineered barriers. Thus, activities involving (i) the introducti3n of

heat and radiation generated by the waste, (ii) the excavation of underecund
disposal areas, and (iii) the introduction of penetrations (such as explora-
tion boreholes and repository shafts), will be conducted so as to minimize any
adverse impacts on the integrity of this natural it'lation system. Thermal

impacts will be minimized by limiting the thermal loading and thus the temper-
atures in the repository. Migration of radionuclides will be restricted by
the use of sorptive backfill, materials. Impacts of repository excavation on
structural stability will be limited by using low extraction ratios, highly-
developed and widely-applied excavation techniques and the backfilling of
rooms and tunnels.

Progress in ongoing research and development programs indicates

that satisfactory designs and materials will be available for sealing of
penetration.
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Human intrusion barriers, the third component of man-made sys-
tems, are provided so that the waste will .be unaffected by future activities
of man. These barriers are intended to meet two objectives: (i) to reduce

~

the likelihood of human-induced releases, and (ii) to mitigate the - conse-
quences - if human-induced releases occur. Although work .is just beginning in
this area and there is much to be learnede it 'is reasonable to conclude that
(i) the likelihood of future human activities of a nature which could adverse-
ly affect the integrity of the repository can be reduced to an acceptably low

'

probability through the use of appropriate protective measures, and (ii) the
impact of any such future activities, were they to occur, could be adequately
mitigated by the multiple natural and man-made barriers included in waste
disposal systems.i

The Statement then moves to a demonstration of the methods of
safety analysis in use and to be used to determine that the requirements iden-
tified will be met by the expected performance of _ repository components. The
discussion of safety is covered under two topics: (i) long-term performance
assessment, and (ii) operational phase performance assessment.

Performance assessment methods have been developed to analyze

the disposal system after the waste has been emplaced and the repository has
been sealed. These methods analyze the combined effects of several phenomena

which might affect the disposal system: natural events and processes, human
actions, and impacts exerted by the waste and the repository. Three kinds of

i future conditions can then be identified:

1. Conditions under which radionuclide releases from
the package would not occur.

L 2. Conditions under which radionuclide releases from
the waste package occur but radiation doses are'

not received by people.

3. Conditions under which released radionuclides
would deliver radiation doses to peple.

Because the d_isposal system contains components which have
complex interactions with one another and because its performance _ for long
time periods must be predicted, it is necessary to use mathematical models to

_
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analyze the . system. The discussion describes how those models are developed,

verified, and applied to gain confidence that~the long-term performance of the
' disposal system will be acceptable.

The development' and verification of models of single phenomena
required for analyzing the long-term performance of geologic disposal systems
are well advanced, and these models can now be routinely used. Even so, the

,

development and particularly the verification are continuing. The development

and verification of models which analyze several phenomena together are moder-i

ately advanced, and some of these mode 6 can now be routinely applied. La bor-

atory, bench-scale and in situ tests re underway or planned to assist in
verifying modeling predictions.

The use of these continually improving models, along with the
continually improving body of experimental data, will permit the performance
assessments to be done more completely and with increased confidence. These

assessments will be important in site selection, system design, and licensing.
The models have been used to assess the performance of disposal

systems and have demonstrated that they can analyze the important phenomena.
; Because the development and verifications of models and the gathering of data

describing sites are incomplete, these assessments have used conservative data
i derived from laboratory and field measurements. They have demonstrated that

the models have been developed sufficiently for use with complex systems.
These studies have also predicted the consequences of releases

of radionuclides from repositories in the far future. The vast majority of

possibl.e disposal-system conditions would not deliver any measurable doses to
people. Some possible but unlikely phenomena, such as ground water flow di-
rectly through repositories, could deliver radiation doses that would be a j

'

fraction of the doses delivered by natural background radiation. The analyses I
l

performed to date give no indication that a geologic disposal system, designed j,

and constructed according to the requirements described in this Statement, |

cannot isolate radioactive waste safely. |

Assessing the performance of the- repository during the opera-
tional phase docs not require the 'special methods of long-term . performance
assessment because the operations are at least similar to those in other com-
mon systems. For example, excavation of . storage rooms and packaging and han-
dling of waste containers are not too different. from operations currently
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being performed. Adequate trathods required for safety analyses are currently
availablo. Satisf actory design, construction' and operation can be achieved
with repasitory performance. The operational phase activities can be shown to
be comparable in safety - to those of existing licensed nuclear fuel cycle
facilities.

Since the mid-1950's many geologic and environmental studies>

have been conducted to provide the ? technical and scientific basis for the
design, construction, and operation of deep, underground repositories for
radioactive wastes. A broad spectrum of agencies and organizations has spon-
sored this research. Results indicate that a mined geological repository can
be build and operated safely with minimal effects or, people and their environ-
ment.

In this statement, the Department describes a program which has:

1. Proposed specific proposed performance objec-
i tives._
l

2. Adopted a conservative approach to ensure the
objectives will be met.

3. Selected mined geologic disposal as an interim
planning strategy. *

4. Identified characteristics and requirements
necessary for mined geologic disposal.

i

| 5. Developed specific criteria for site qualifica--

tion, established conceptual designs and identi-
fied elements warranting more research.

6. Completed performance assessments indicating that
I carefully designed repositories in properly

selected sites will meet the proposed performance
objectives.

The Department, therefore, submits that a mined geologic
disposc1 system can meet the goal of providing the effective isolation of
radionc lidee from the environment because:

1. Containment will be virtually. complete during
the period dominated by fission product decay.

2. Isolation ~ will be effective for at least 10,000
years.
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3. The operational phase of the waste disposal sys-
! tem will be as acceptably safe as the operation

j of'other nuclear fuel cycle facilities.

4. There are no unreasonable environmental impacts.

5. Conservative design and evaluation will compen-
sate for residual uncertainties.

6. Acceptable performance is based on a reasonably
available level of technology and is not depen-
dent upon continued maintenance or surveilance.
for unreasonable times into the future.

7. Implementation is independent of the size of the
nuclear industry and of the resolution of fuel- !

cycle or reactor design issues and is compatible
with national policies.

I.D.2 Program for Establishing Mined Geologic Repositories

The program .for establishing an operating geologic repository
is presented next. This presentation begins with a discussion of the Depart-
ment's management organization and the major decisions required to implement
the geological disposal option.

The Department's program is focused on developing repositories
that will be available in an appropriate time frame and at a reasonable cost.

To accomplish this goal, the Department has put into place a management or-
ganization to address and resolve the technological, societal, economic, regu-
latory, and institutional factors which could have impacts on the timing and
cost of the National Waste Terminal Storage - (NWTS) Program. The Department

has established an organization consisting of headquarters and field office
personnel supported by over 2,000 professional employees of contractors to
implement the NWTS Program. This arrangement brings experience from a broad
spectrum of professionals ranging from geoscientists and mechanical engineers
to sociologists and political scientists.

The schedule for implementation of the geologic disposal option
depends on the following major decisions:

1. Site . selection with State consultation and con-
currence.

.
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2. Licensing for construction of the repository.

These decisions are the focus of technical activities which must be conducted'
in cooperation with those agencies, organizations, and individuals outside of
the Department which are part of the decisionmaking process.

As directed in the President's statement of 12 February .1980,
the Department intends to identify candidate sites at several locations and in
different geologic media before recommending a . specific site for the first
license application. The selection of candidate sites will be based on a sys-
tematic process which considers all applicable factors and is conducted with
involvement of State and local officials and the public. The Department's
program leading to selection of a site consists of three phases:

1. Site exploration and characterization.
2. Detailed site characterization.
3. Site selection.

Regional and area characterizations are now under way for vari-
ous geologic media, including dome salt and bedded salt, basalt flows and
volcanic tuff. Efforts have been initiated to identify regions containing
other media and other geohydrologic systems. The Department plans to identify
at least four sites with diverse rock types by mid-1985. The - DOE approach

includes consideration of regulatory factors, environmental factors, the ne-
cessity of achieving public acceptance, and the need to meet site qualifica-
tion criteria.

.The involvement of the States in the radioactive waste manage-
ment program was addressed by the President in his 12 February 1980 statement,

! in which he announced the establishment of a State Planning Council to advise
the Executive Branch and work with Congress on repository planning and siting,
construction, and operation of facilities (16). Further, the President pro-~

vided for the relationship with the States to be based on the principle of .
consultation and concurrence. In compliance with the President's statement,

.
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the Department's program seeks to take into account State and local needs and
concerns. A process is being developed that provides for cooperative Federal,
State, and local government decisionmaking concerning identification of can-

! didate sites and selection of sites for license application.

| The second major decision which can affect the repository
schedule is licensing. The Commission has the statutory authority to license|

f acilities used primarily for the receipt and storage of high-level radioac-
tive wastes resulting from activities licensed under the Atomic Energy Act of
1954. Accordingly, the availability of regulatory procedures and requirements e

can have an impact on schedule of a disposal system. Before a license appli-
f

cation is submitted, the Department expects to consult with the Commission '

staff in regard to field exploration activities so that the integrity of a
potential site is not adversely af. cted.

The existing knowledge of licensing requirements as obtained
from draft and proposed rules and communication with regulatory agencies has
allowed a forecast of the effects licensing activities will have on the sched-
ule. Based on the existing information, estimates can be made of the amount j

'

of time which will be required for licensing. The ' attainment of program mile-
stones will depend on the exact form of the procedural rules promulgated by
the Commission and on the manner in which the Commission will process future

license applications.
In addition to the major decisions discussed above, several

significant factors also can influence the timing and schedule of a repository: |

1. Implementation of National Environmental Policy Act.
2. Cooperation of multiple Federal agencies.'

3. Land acquisition activities.

4. Availability of expert staff.

5. Logistics and administration.
6. -Design and construction time.
7. Initial operation period and backfill.

8. Technology development.
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The National Environmental Policy Act of 1969 (NEPA), as imple-
mented by the regulations of the. Council of Environmental Quality .(CEQ) and
the DOE' guidelines, requires that potential environmental consequences be
considered in Department planning and decisionmaking. Using 00E guidelines
and the CEQ regulations, the Department has developed a draft NEPA implementa-

;
.

tion plan for the mined geologic disposal interim strategy which is integrated
with the overall Department planning and decisionmaking framework. The envi-
ronmental impacts of all reasonable alternatives will be considered at each-

stage of the decisionmaking process.
The Presidential statement of 12 February 1980 emphasizes the

commitment to provide for safe disposal of radioactive wastes with support
from all agencies within the Administration. In its role as lead agency for
the management and disposal of radioactive wastes, the Department is prepar-
ing, with cooperation of other cognizant Federal agencies, a detailed National'
Plan for Nuclear Waste Management to implement the Presidential policy guide-
lines and IRG recommendations. The program content now includes many activi-
ties specifically recommended by the Interagency Review Group'so that other
agencies will support the Department activities where required. The ability

to draw on the resources of such organizations and to obtain meaningful
comments and direction will greatly enhance the ability of the Department to
meet major milestones.

Where the Department does not already own or control a proposed

repository site, the acquisition of the real property for the repository must
be considered in the schedule. Non-Federal land can be acquired by the De-
partment for a repository site by purchase or condemnation following proce-
dures already established.- Federal property controlled by other agencies may
be acquired by transfer to the Department following procedures established by
the General Services Administration or by the Department of the Interior.

Skilled technical personnel will be required in the site explo-
ration and characterization phase of the program, in the development of neces-
sary technology, and in the design and construction phase of the repository.

| The design and construction expertise required to build a geologic repository.
| 1s currently available in the United States.- Operating expertise will be

available by the time the repository is ready for waste emplacement. The
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. schedule for implementing the repository option should not be affected by the
need for lead time to develop any needed expertise.i

Evaluation of logistic and administrative factors shows that
with proper planning, schedule slippage can be minimized,. Many factors, such
as procurement delays and strikes and -labor disputes, can influence the con-
struction schedule. Prudent planning takes these factors into account to

minimize such delays. Normal design and construction scheduling practices
will ensure that the repository will be developed in the projected time frame.

Although not strictly associated with the schedule to bring a
repository into operation, the waste retrieval period and start of backfill
both have an impact upon the time when a repository can become fully opera- -

tional. During the initial repository operation period, the Department will !

verify the predictive capability of methods used to apply early geologic test

data to the specific site and design configuration and will verify that no |

unforeseen phenomenon associated with actual waste emplacement is observed.
Ample latitude is provided for methodical, step-wise development including
testing and evaluation. A high level of conf,idence concerning the integrity
of the operation will be attained before backfilling will comence. Should

retricval of waste be necessary following the initiation of backfilling, waste
'management plans include rerouting the wastes to other facilities.

The Department is preceeding with a systematic program to
develop the needed technology on a timely basis. A detailed discussion of the
base technology program is presented in the Statement.

On the basis of estimates described in more detail in the pre-

sentation, the Department projects that the range of startup dates for the

first repository is 1997-2006.

I.D.3 Technical Basis for Storage

The Department's Statement next discusses the technical basis
for the conclusion that spent fuel can be stored in a safe and environmentally
acceptable manner until disposal facilities are available. The Statement (i)
describes the alternative methods and technology for stcrage of spent fuel,
(ii) reviews the performance requirements of storage facilities and how these
requirements are met, and (iii) discusses the background of experience which
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leads to the selection of water pool storage as the preferred method. The

abundant evidence shows that the adequacy and safety of extended storage of
spent fuel in .a water pool environment can be demonstrated today. The fol-

! lowing points summarize the basis of this conclusion:

1. The technology of water pool storage of spent
fuel is not only available but is well estab-
lished through more than 30 years of work at
government and industrial facilities. Dry stor-
age of spent fuel by several different techniques
has been the subject of a significant level of
research, development, and demonstration, and,

: promises to be a technically . viable alternative
to water pool storage. Thus, there are a number*

of technically suitable alternative methods of
spent fuel storage in existence at the present
time.,

2. The regulatory framework, industry standards, and .

design requirements for the water pool storage of
spent fuel currently exist.

3. The licensing of water pool storage of spent fuel
has been routinely practiced by the Commission
and its predecessor agency for nearly 20 years
and is being practiced at the present time.

.

4. Zircaloy-clad spent fuel has been stored under
water for periods of up to 20 years, and stain-
less steel-clad fuel has been so stored for peri-
nds up to 12 years, with no evidence of degrada-
tion as a result of such storage. Studies of the
corrosion aspects of water pool storage indicate

j that there are no obvious degradation mechanisms
i which operate on the cladding at rates which
| would be expected to cause failure in the time

frame of 50 years or longer. Mcreover, in the
unlikely event that severe deterioration of the
cladding were to develop, the spent fuel could be,

'

encapsulated to provide the -necessary integrity
for indefinite storage,

l

Because much of the experience.in handling and storage of spent
fuel has been gained at reactor sites and much of the technical data present-
ed and discussed .in this Statement was acquired in studies at reactor storage
pools, there is no reason to. doubt the technical adequacy of existing and

.
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planned reactor storage pools. Accordingly, the Department submits that con-
tinued storage of spent fuel _at reactor sites would be acceptable, even if
such storage should be required for a- period beyond the expiration of the
reactor operating license. This conclusion is based on the following consid-
erations:

1. Continued water basin storage at reactor sites
involves the same kinds of considerations as
those set forth above with respect to:

a. Performance of fuel under extended storage
conditions.

b. The benign character of the storage activity
relative to radioactivity releases, radiation
exposures to plant workers and the public,
accident evaluations, and other safety
aspects.

c. Waste generation during the course of stnrage.

d. Facility requirements.

2. Facilities in existence and those under construc-
tion at reactor sites are designed and construct-
ed to more rigorous standards than would be re-
quired under proposed 10 CFR 72.

3. The environmental impact of continued storage of
spent fuel at reactor sites has been evaluated by
the Nuclear Regulatory Commission and found to be
acceptable. No time-dependent factor,s adversely
affecting long-term safety of such storage have
been identified.

4. Although there is some interdependence between
the spent fuel pool and reactor operation at

|reactor sites, this interdependence is limited to '

the supply of utilities and waste management
services. The fuel storage operation depends on
the reactor plant utility system for steam, cool-
ing water, deionized water, and handling of low-
level wastes, as well as for certain personnel
services such as health physics, and safety. All
of these could be continued relatively easily
following shutdown of the_ reactor.
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5. There is no technical reason why spent fuel
cannot be stored at the reactor site af ter reac-
tor operation ceases.

6. Such continued storage would remain under NRC
licensing authority.

These factors regarding the confidence in water pool storage
generally are applicable to away-from-reactor (AFR) storage systems. There-
fore, the Department submits there is sufficient technical information
provided in this Statement to support a finding that AFR spent fuel storage
f acilities can be built and operated in a manner which is both safe and envir-
onmentally acceptable, and which otherwise meets the performance requirements
established by the Commission's regulations. The information presented by the
Department demonstrates that large AFR spent fuel storage facilities can' be
constructed and operated to meet necessary safety requirements with a minimum
impact on the environment and in compliance with applicable regulations.
These conclusions are supported by the generic environmental impact statement
on spent fuel storage prepared by the Nuclear Regulatory Conunission and the
draft environmental impact statement on spent fuel policy prepared by the
Department.

I.D.4 Program for Providing Away-from-Reactor Storage Facilities
.

The Si;atement next considers the need for AFR storage capacity
for spent fuel and the management plan which has been established and is being
implemented by the Department to ensure that the AFR storage capability is
available when needed.

The Department estimates that AFR spent fuel storage facilities
can be made available commencing as early as 3 years after Congressional au-
thorization and -that the necessary AFR storage capacity can- be maintained
until geologic repositories are available for disposal of spent fuel. The

Statement demonstrates the following to support this conclusion:
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: 1. The near-term _ (through 1990) ' needs = for AFR -'stor-
! age capacity can be satisfied by acquisition and .
F expansion of ' the storage capacity of existing
i f act: 3:n. The longer' term needs for ' storage
! .can -be 'satisified by building additional AFR
| storage ' facilities to supplement- existing and
: expanded - f acilities. Needed capacities could' be-
! made' available in. existing storage , facilities.

within approximately 3 years af ter_ Congressional'
,

j authorization and could be made available . in new
j AFR storage facilities within 95 months after .

'such authorization.'

'

2. The Department has established a management or-t

: ganization _ for the development and operation 'of ,

j AFR storage facilities. '

,

~

! 3. There is' sufficient information ' available - on' !.

which to base selection of new sites for AFR'

storage, and the Department has embarked on a i
<

; program designed to seek. State involvement in the
selection of proposed sites.'

,

4. Finalization of new regulations pertaining to AFR
,

storage of spent fuel is under way, and technical
{- ability to meet such licensing requirements ex-
] ists. -

. 5. Legislation has been submitted to Congress for
j- authorization to' acquire' the necessary AFR spent
| fuel storage capability.
5

i 6. : Analysis of- the requirements for -AFR storage
capacity:in the near term, and of the steps .which,

must be taken to comply with National Environmen-
tal Policy' Act and other licensing requirements,
indicates .that the necessary capacityican be pro-1

; cvided on a timely basis.
,

i I.D.5- Integrated Operation of the Storage and Disposal Systems
,

f The Department's presentation finally considers the integration
$ of the mined geologic' repository program and the AFR storage program to ; demon-' -

i strate that'an 'overall'' waste management. program ; exists which is capable of
handling, storing,--and disposing 'of :the spent- fuel- While studies to optimize-4 . .

the : integrated system have not been : completed, ' an ~ example spent fuel _ manage-
1 .
'
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ment scenario is analyzed. Variables considered include the capacity, receiv-
ing capability, and date of availability of geologic disposal facilities, AFR
storage availability and required capacity, and the transportation logistics
for moving spent fuel. It is shown that the combined system of repositories
and AFR's will provide great flexibility to meet tha need'to balance technical
conservativism, regional needs, and reactor operation requirements. There are
sufficient comercial organizations to provide the required shipping casks and
services for the transport of spent fuel to AFR storage facilities and to
repositories as needed.

The overall costs of the waste management activities are out-
lined, The Department submits that the impact of the cost of waste manage-

' ment program on the cost of electricity to the consumer will be small.

I.D.6 Conclusions

Based upon the information contained in this Statement, the
Department in its conclusion submits that the Commission must find that:

.

1. Spent nuclear fuel from licensed facilities can
be disposed of in a safe and environmentally
acceptable manner;

2. The Federal Government's plans for establishing
geologic repositories are an effective and rea-
sonable means for developing a safe and environ-
mentally acceptable disposal system;

3. Spent nuclear fuel from licensed facilities can
be stored in a safe and environmentally accept-
able manner on-site or off-site until disposal
facilities are available;

4. Sufficient additional storage capacity for spent
nuclear fuel from licensed facilities will be
established; and

5. The disposal and interim storage systems for
' spent nuclear fuel from licensed facilities will
be integrated into an acceptable operating system.
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As noted in the Notice of Proposed Rulemaking (1), the|

Commission has indicated that it will use its findings in this proceeding to
determine to what extent issues of on-site storage of spent nuclear fuel need
be considered in individual facility licensing proceedings. Having made these

five findings, the Commission should promulgate a rule providing that the
,

'

safety and environmental implications of spent nuclear fuel remaining on site
after the anticipated expiration of the facility licenses involved need not be
considered in individual facility licensing proceedings.

i

l

|

,
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II TECHNICAL BASIS FOR CONFIDENCE.THAT SPENT FUEL CAN BE DISPOSED

OF IN A SAFE AND ENVIRONMENTALLY ACCEPTABLE MANNER

In his statement of 12 February 1980 (1), the President said:

Our primary objective is to isolate existing and
future radioactive waste from military and civilian
activities from the biosphere and pose no significant
threat to public health and safety. The responsi-
bility for resolving military and civilian waste
management problems shall not be deferred to future
generations. The technical programs must meet all
relevant radiological protection criteria as well. as
all other applicable regulatory requirements. This
effort must proceed regardless of future developments
within the nuclear industry--its future size, and
resolution of specific fuel cycle and reactor design
issues.

The Department of Energy's National Waste Terninal Storage
(NWTS)* Program is designed to meet the objectives set forth by the President
and the Interagency Review Group (IRG) (2, 3) and to develop licensable **
high-level waste (HLW) disposal systems during this century. The technicEl
aspects of the NWTS Program are discussed in detail in this part and are

demonstrated to be in conformance with the President's program and the IRG
recommendations.

For the purpose of this rulemaking, finding confidence in the
nation's ability to safely dispose of its radioactive wastes requires finding

that the NWTS Program will culminate in licensed waste disposal systems, i.e.,
that the Department is able (i) to understand and address the technical, so-
cial, political, and institutional aspects of waste management; and (ii) to
use the results from its program to develop licensed systems for the disposal
of spent fuel in a time frame which is responsive to national needs.

*NWTS is the designation of the Department's program for the disposal of
high-level nuclear waste.

1

C*In this context, licensable means consistent with regulatory requirements i
set forth by the Nuclear Regulatory Comission and the Environmental Protec-
tion Agency.

.
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This Statement shows that the NWTS Program is designed to
understand and address the technical, social, political, and institutional
concerns important to waste management. In accordance with the President's 12
February 1980 statement, specific HLW disposal facilities will not be proposed
by the Department for licensing for several years. Neither the Nuclear Regu-

latory Commission nor the Environmental Protection Agency has officially adop-
ted specific regulations for waste disposal systems. In the interim, to

ensure that the NWTS Program focus will result in licensable systems, the_
Department maintains continued awareness of regulatory trends by exchanging
information in meetings with the NRC and EPA staffs and by rev'iewing and pro-
viding comments on proposed regulations prepared by those agencies. The

Department has developed proposed HLW disposal system performance objectives
to help focus the NWTS Program until specific regulatory requirements are
available. These objectives provide an appropriate means of measuring the
technical sufficiency of the NWTS Program in the context of this rulemaking.

Part II of this Statement demonstrates the technical suffi-
ciency of the NWTS Program. It begins with a discussion of proposed perfor-
mance objectives developed by the Department for the NWTS Program. These

objectives provide program focus and direction pending the development of
regulatory requirements. The analysis of disposal technology opens with a
description of and rationale for the Department's commitment to a conservative
approach to system development and operation. The elements of that conserva-
tive approach include a step-wise approach, a multibarrier system, and a pro-
vision for design and operating margins.

The remainder of Part II analyzes the NWTS disposal technology
in the context of those objectives. Chapter II.B present; alternative dispo-
sal methods and analyzes the potential of each for meeting the NWTS objec-
tives. Chapter II.B also presents the rationale for the selection of mined
geologic disposal as an interim planning strategy.

Chapter II.C describes the basic features of a mined geologic
disposal system 'to provide the reader a basic understanding of how such a
disposal system will work. Chapters II.D, II.E, and II.F then present detail-
ed technical discussions of a mined geologic disposal system.

; _
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The technical analyses presented in II.D through II.F demon-
strate how mined geologic disposal, through both natural and mar-made systems,
is expected to achieve the objectives set forth for the progran. Chapter II.D
explains how the natural surroundings of a repository are erpected to help
meet the stated objectives and describes the potential impacts the natural
surroundings will have on the repository. The man-made systems, uhich include

engineered barriers, and their functions in a mined geologic dispcsal system,
are described in II.E. The natural and man-made systems are expected to per-
form in concert to meet requirements set forth for the disposal system.

Since HLW disposal systems will be required to function far

into the future without active assistance from man, the ability to assess and
predict leag-term system performance is a key factor in determining licensa-
bility. Chapter II.F details the methods, including mathematical modeling,
used to perform such assessments. This discussion includes not only those

methods presently available, but also assessment and prediction methods under
development or undergoing refinement. Chapter II.G summarizes the information
presented throughout Part II.

II.A PROPOSED HIGH-LEVEL WASTE DISPOSAL SYSTEM OBJECTIVES

Section II.A.1 discusses the objectives proposed by the Depart-
ment to focus the development of its waste management systems. These objec-
tives are drawn from diverse sources. Within the context of this rulemaking,
these objectives are proposed as a basis for assessing the technical adequacy
of the NWTS Program and of the systems that will result from its implementa-
tion, recognizing that, ultimately, such systems will be subject to NRC and i

1

EPA regulations and NRC approval. Section II.A.2 discusses the approach to
'

conservative system development and operation used in the NWTS Program. The

objectives and conservative approach described in this chapter allow suffi-
cient flexibility within one research and development program to permit com-
pliance with NRC and EPA regulations when they are adopted.
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II.A.1 General Performance Objectives For the Safe And Environmentally
Acceptable Disposal of High-Level Radioactive Waste.

II.A.l.1 Background

. , .

Regulations promulgated by the . Nuclear Regulatory Commission'

and the Environmental Protection Agency will provide guidance to the NWTS
Program as the development of HLW disposal systems progresses and system
details increase. The Comission has described its role and that of the Envi-
ronmental Protection Agency as follows ,(4):

NRC has licensing responsibility with respect to
certain high-level waste repositories to assure pro-
tection of the public health and safety, taking into
consideration also all impacts on the environraent.

EPA has the responsibility to establish generally
applicable environmental radiation protection stan-
dards for areas outside the boundaries of nuclear
facilities. NRC must devise its regulations in a
manner that will meet requirements set by EPA.

The Commission and the EPA have published in the Federal Regis-

ter procedural' requirements and general criteria, respectively, for HLW dispo-
sal. The EPA has received comprehensive coments on its criteria, both

through an interagency working group and from the public (5). The EPA staff
has indicated informally in discussions with the NWTS Program staff that a
general standard for HLW disposal will be issued for public comment during the
Spring of 1930. The Commission in 1979 published the ' procedural portion of a
proposed regulation for HLW disposal which addresses the proposed NRC approach
to the regulation of HLW disposal facilities (6).

Although specific technical criteria from NRC and EPA would be
useful at this time in directing the NWTS Program, they will not be critical
to the conduct of the program until detailed waste disposal system designs are
being developed. Frequent interactions among the Department and the NRC and
EPA staffs provide a means for the NWTS Program to be responsive to potential'
regulatory concerns. Similarly, technical data from the NWTS Program will be
of value' to the Commission and the EPA in developing their technical regula-
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tions. Information from proposed EPA and NRC regulations is being utilized in
planning the NWTS Program and consideration has been given to such information
in the development of the NWTS performance objectives which follow (II.A.1.3).

The Commission staff recognized the need for NWTS objectives (4):

DOE must determine the considerations it considers
important to investigating and selecting repository
sites. We will call these site selection criteria.

Recent emphasis on the rilan-made components of waste disposal
systems and the diversity of disposal concepts which require consideration by
the Department (see II.8) warrants more broadly based objectives than those
related specifically to siting. Accordingly, the NWTS performance objectives
are broad and generically applicable to a spectrum of alternative disposal
methods.

The NWTS objectives are structured to allow adequate flexi-
bility to meet specific regulatory requirements at the licensing stage. In
structuring its objectives, the Department has placed emphasis on Presidential
and IRG objectives and has used information generated by numerous studies,
public meetings, task forces, working groups, and other appropriate forums, as
well as information derived from draft and proposed regulations. The NWTS,

objectives are not intended to negate the need for NRC and EPA regulations but
merely to provide interim guidance until comprehensive final regulations can
be issued.

.

II.A.1.2 Information Relative to High-Level Waste Disposal Objectives

In light of the President's recent statement, the IRG findings
and recommendations, and the large amount of information presented in techni-
cal meetings, regulatory workshops, and other related forums, a number of
points have been made relative to HLW management. Pertinent points considered
by the Department in structuring its objectives are as follows:

;

4
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1. Waste should be isolated * so as to pose no signi-
ficant threat to the public health and safety
(1-3,7).

2. Although zero release of radioactivity cannot be
assured, ~ potential releases should meet relevant
radiological protection criteria and be reduced
to the lowest practicable levels (1-3).

3. Radiological consequences should be maintained
within the level of variations in natural back-
ground radiation associated with geographic loca-
tion and domestic activities (8, 9).

4. Containment ** and isolation are most important
during the first few hundred years when the decay
of short and intermediate-lived wastes is most
rapid and radiation and heat levels are highest
(8).

5. The performance of waste disposal systems may be
compared to the natural effects of uranium ore
bodies (7,10,11).

6. The environment must be protected (2, 5-8, 12,
13).

7. A careful step-by-step approach should be used
for the first HLW disposal system (1, 2, 3).

8. Residual uncertainties *** must be provided for in
the program (3).

9. Waste disposal systems should not be dependent on
the long-term stability of social or government
institutions (3).

10. The program must be flexible relative to poten-
tial changes in the nuclear industry (1, 3).

11. The burden of waste disposal should not be
deferred to future generations (1).

|
| * Isolation means segregating wastes from the accessible environment (bio-

sphere) to the extent required to meet applicable radiological performance-
objectives.

** Containment means confining the radioactive wastes within prescribed bound-
aries, e.g., within a waste package.

*** Residual uncertainties are those inherent uncertainties in data, modeling,
and assumed future conditions which cannot be eliminated.
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' These 11 pertinent points represent a broad spectrum of view-
points, including the Natural Resources Defense Council and the National
Academy of Sciences. The diversity of viewpoints is evident, for example, in
the case of the Interagency Review Group (2, 3) which was composed of repre-
sentatives of 14 Federal agencies (2). The Nuclear Regulatory Commission was

i an active (14) but a nonvoting member whose participation by prior agreement
did not constitute any endorsement of the IRG findings and recommendations
(15). The Interagency Review Group actively solicited the views of the Con-
gress, public interest groups, and the general public through writtan review,
small group meetings, and public meetings (16). A draft report was i; sued on

9 October 1978 (17). Fif teen thousand' copies of the report were distributed,
and over 3,300 written comments were received and considered (2,18) in pre-
paring the IRG recommendations to the President. The wide distribution and
extensive review and comment and the IRG finding that a consensus had emerged
on a number of planning objectives (19) increase the value of the IRG recom-
mendations in considering the issue of HLW disposal system objectives.

The 11 points listed above were considered along with pertinent
information from the literature in developing the NWTS Program objectives
described in II.A.l.3 below.

II.A.l.3 National Waste Terminal Storage Program Performance Objectives

Objective 1. Waste containment within the immediate vicinity of
initial placement should be virtually complete during<

the period when radiation and thermal output are
! dominated by fission product decay. Any loss of

containment should be a gradual process which results
in very small fractional waste inventory release
rates extending over very long release times, i.e.,
catastrophic losses of containment should not occur.

,

Basis for Objective 1

I
Waste containment in any given system should provide maximum I

separation of waste and accessible environment. Although containment may not
.
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be guaranteed throughout the entire period of waste toxicity, ensuring con-
tainment throughout the period when fission product decay is dominant adds
redundancy to isolation measures and adds a further measure of assurance that
unacceptable releases to the accessible. environment will not occur.

As indicated in Table II.A-1, the thermal output and radioac-I

tivity content of a representative spent fuel assembly decrease rapidly during
the first few hundred years while fission products decay and relatively slowly
thereafter when the decay of long-lived radionuclides predominates.

Table II-1. Thermal Levels and Radioactivity Content for a
Spent-Fuel Assembly From a Pressurized Water Reactor

(33,000 mwd /MT burnup)

Radioactivity ContentbYears out Thermal Outputa
of Reactor _ (kW) (curies)

6
1 4.8a 2.5 x 10

5
10 0.55 4.0 x 10

5
50 0.25 1.0 x 10

100 0.13 5.0 x 104

3
500 0.045 2.5 x 10

3
1,000 0.0E6 1.7 x 10

,

2
10,000 0.006 4.5 x 10

aSource: (Reference 20) R.A. Kisr.er, J.R. Marshall, D.W. Turner, J.E.
Vath, Nuclear Waste Projections and Source Term Data for 1977,
pp. 41-42, Y/0WI/TM-34, Oak Ridge National Laboratory, Oak Ridge,,

| TN, April 1978

b ource: (R re..ence 21) S.N. Storch and B.E. Prince, Assumptions andS
Gro_'d Rules Used in Nuclear Waste Projections and Source Term
Data, ONW1-24, Oak Ridge National Laboratory, Oak Ridge, TN,
5diffember 1979

.
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The rapid decrease in thermal and radiation levels for spent |

fuel is primarily due to the decay of large amounts of two fission products
contained therein, Cs-137 and Sr-90, both of which have half-lives of approxi-
mately ?0 years. These facts have led to a number of recommendations (5, 8,
22) that control mechanisms be at their maximum effectiveness during the period
dominated by fission product decay. Objectia 1 requires waste containment
throughout that period.

The second condition stipulated in Objective 1 is intended to
increase the effective mean time for containment * by requiring containment
systems to be resistant to catastrophic failures, i.e., any losses of contain-
ment would result in low release rates over long periods of time.

Objective 2. Disposal systems should provide reasonable assurance
that wastes will be isolated from the accessible
environment for a period of at least 10,000 years
with no prediction of significant decreases in isola-
tion beyond that time.

In the context of this objective:

(a) Reasonable assurance means that the preponder-
ance of available technical evidence as inter-
preted by objective experts in the field sup-
ports the conclusions drawn.

(b) Wastes will be considered to be isolated if
long-te.m radiological consequences to the pub-
lic due to the effects of any reasonably fores-
eeable events or processes are predicted to be
within the range of variations experienced with
background radiation. Releases with conse-
quences of a few millirem to a few tens of mil-
lirem per year will be considered acceptable
provided that the ALARA** standard for man-made
systems is met.

* Average residence time of waste materials within the containment structure.
:

**ALARA is an acronym for "as low as is reasonably achievable," which is -

ldefined by the Nuclear Regulatory Commission (10 CFR 50.34a(a)) to mean "as
low as is reasonably achievable taking into account the state of technology,
and the economics of improvements in relation .to benefits to the public
health and safety and other societal and socioeconomic considerations . . .."
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Basis for Objective 2

As noted in the President's message to Congress on 12 February

1980 (1):

Our primary objective is to isolate existing and
future radioactive waste from military and civilian
activities from the biosphere and pose no significant
threat to public health and safety.

The " Fact Sheet on the President's Program on Radioactive Waste

Management" (1) issued by the White House Press Secretary at the time of the
President's statement said:

! The technical programs must meet all relevant radio-
logical protection criteria as well as all other *

applicable regulatory requirements. Although zero
release of radionuclides or zero risk from any such
release cannot be assured, such risks should fall
within pre-established standards and, beyond that, be
reduced to the lowest level ' practicable.

The very long times over which HLW disposal systems must pro-
tect the public health and safety give rise to a number of questions regard-
ing: (i) acceptable levels of risk for disposal systems (as noted above, zero
risk cannot be assured), (ii) appropriate time frames throughout which high
confidence in system operation must be assured, and (iii) the nature of the
assurance to be given.

Objective 2 recognizes that predictions of HLW disposal system
performance exceed the len;th of time measured by recorded history, transcend
eras of long-term climatic changes on Earth, and, although short with regard
to geologic dating, exceed experience with man-made systems of any type.

The period of time over which waste disposal systems must con-
tinue to isolate effectively radioactive wastes has been discussed in a number
of forums (8,12, 22). Some estimates of 'the required periods of isolation
have ranged up to several million years. Such estimates are based largely on

a " rule-of-thumb" which would require 10 half-lives for all isotopes to decay

II -'10
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to negligible levels. Radioisotopes such as I-129 with a half-life of 1.6 x-
610 years are frequently cited with no consideration given to the small

concentrations and low radiotoxicities of these materials, or extraordinary

assumptions regarding human life over the' millions of years that are. invol-
ved. Others (7, 10, 11, 23, 24) have suggested that controls should be exer-
cised until the waste toxicity is below the toxicity of naturally occurring

'

chemical species in the Earth's crust. A subset of the latter concept would
compare waste with naturally occurring radioactive. ore bodies using the radio-
toxicity of each as a common denominator.

In selecting a time-frame over which reasonable assurance
should be given, the tradeoff f actors are:

1. The duration and the significance of potential
radiological hazards as a function of time.

2. The validity of pr'. dictions as a function of time.

With regard to Item .', as indicated by Figure II-1, the radio-
toxicity of spent fuel decreases approximately four orders of magnitude (i.e.,
by a f actor of 10,000) during the first 10,000 years and less than two orders
of magnitude (i.e., by a factor of less than 100) during the next 1,000,000
years. Also, during the first 10,000 years, the radiological risk due to

spent fuel could be reduced below the levels of radiological ~ risk associated
with naturally occurring ore bodies, i.e., the risk -from. the spent fuel pro-
perly disposed of would not exceed risks encountered from the uranium ore from
which the spent fuel originated.

With regard to Item 2, the magnitude of uncertainties ' associa--

ted with long-term predictions increases with time due to the potential ef- -

fects of long-term climatic changes and the uncertain technological evolutions
of mankind in the future. Long-term climatic and anthropogenic factors make
predictions of extremely long-term risks (tens.of thousands of years) somewhat-
speculative (22). Tnerefore,10,000.. years is reasonable for the period which
should receive prime emphasis' (with the stipulation that, beyond that time,-

~

there should be no ; strong prediction of. unacceptable forthcoming. degradations
in the isolation' capability of. the disposal system).

-II _:liz
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Part (a) of Objective 2 provides a working definition of "rea-
sonable assurance" which requires a preponderance of technical evidence and
objective expert opinions to support conclusions aelative to meeting that
Cbjective. This definition of reasonable assurance recognizes the existence
of residual uncertainties that are inherent in decision processes in any

field. The opinion of objective experts is coasidered to include peer reviews
by experts not directly involved in the NWTS , ram in addition to required
regulatory reviews.

1 With regard to part (b) of Objective 2, the quantification of
radiological performance objectives for long-term disposal has been under NRC
and EPA consideration for a number of years. The Environmental Protection
Agency will issue numerical standards governing long-term releases,* and the
Nuclear Regulatory Commission will implement those standards ** during licen-

|sing.

With regard to establishing a standard by which to measure the
significance of releases, natural background radiation has been a common point
of reference in nearly all radiological evaluations. For example, the Commis-
sion, in its environmental impact statements for reactor licensing, commonly
compares doses from postulated routine releases to doses experienced by the
same population due to natural background radiation. The relationship between
natural background radiation and health effects has been the subject of exten-
sive study. In one study (26), the Commission staff concluded that the infor-
mation reviewed through the time of that study:

. supports the 1972 BEIR*** estimates that what-. .

ever health effects Jma be caused by natural back- !

ground radiation, if they exist, they must represent
a small part of the total health effects being obser-
ved in the real world.

*40 CFR 191 (not yet proposed).

**10 CFR 60 (technical portion not yet proposed).

c** Advisory Committee on the Biological Effects of . Ionizing Radiation. (BEIR)
of'the National Academy of Sciences (NAS-BEIR) Report,1972.
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Although some may protest receiving routine radiation exposures
of a few millirems per year from fuel cycle facilities, radiation exposures on
that order from other sources are routinely accepted without question. For

example, there is no apparent societal discrimination with -regard to radiolo-
gical impacts in choosing between geographic locations in which to live, in
choosing between common building materials for housing or in choosing the
activities in which to engage. The following are examples of routine radia-
tion exposures:

.

1. Background radiation variations due to geographic
location differences range from approximately 100
to 250 mrem / year within presently populated areas
intheUnitedStates(8).

2. Nothwithstanding background radiation differences
due to geographical locations in 1., above, back-
ground radiation exposure to persons living in
wooden houses versus brick houses differs by as
much as 150 mrem / year (27).

3. Background radiation due to a transcontinental
flight in a modern jet airliner is approximately
4 mrem / flight (28).

4. Background radiation from typical dcmestic acti-
vities (e.g., watching TV) is approximately 1.6
mrem / year for an average U.S. citizen (28).

Each of the above-noted activities involves a choice that di-
rectly affects an individual's exposure to radiation. The lack of societal
discrimination on the basis of the resultant radiological exposure indicates

i society's implicit acceptance of or lack of interest in low radiological risks
! compared'to the benefits perceived to be associated with these rules. Item 1,

above, shows the range of background radiation exposures in the United States
to be large. An incremental exposure of a few millirem due to a low probabi-
lity release from a waste disposal system would be small relative to the' vari-
ations in background radiation and should be acceptable, since similar or

-

larger variations incurred by human choice are. apparently acceptable. The

objective suggests that postulated. repository-induced exposures should be
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nearly indistinguishable from background radiation with regard to the magni-
tude of exposure. For the general population, an incremental exposure equal
to a few percent of natural background radiation would appear reasonably low.

In addition to long-term health and safety concerns addressed
in Objective 1, an HLW disposal system must protect the health and safety of
present generations. Objective 3 is directed toward that purpose.

Objective 3. Risks during the operating phase of waste disposal
systems should not be greater than those allowed for,
other nuclear fuel cycle facilities. Appropriatt
regulatory requirements established for other fuel
cycle facilities of a like nature should be met.

In the context of this objective:

(a) Risks refer to radiological risks either to
members of the public or to facility personnel.

(b) Appropriate regulatory requirements refers to
safety standards which were derived for similar
quantities of radioactive materials and/or sys-
tems subject to similar potential modes of fail-
ure and which can, with little or no modifica-
tion, be applied to a HLW disposal facility.

Basis for Objective 3

i

During the operating phase,* the waste disposal system must
function in a manner that adequately protects the public health aad safety.
As noted by the NRC staff (29), many existing NRC regulations and regulatory
guides offer guidance applicable to waste disposal facilities. The quantities
of materials handled and the nature of the potential risks. associated with the I

operations of a repository are similar to those presently subject to NRC and |

EPA requirements (30-35). Such regulations reflect the values accepted by |
those agencies as appropriate for the public health and safety. Because the
Nuclear Regulatory Commission and the Environmental Protection Agency have
determined that these levels of safety are acceptable for other nuclear fuel

*The phase when wastes are being received, handled, packaged, and placed into
the disposal system.
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l

cycle facilities, it is reasonable to assume that the health and safety of the !

public also would be adequately protected if the same standards were reqeired
during the operating phase of an HLW disposal facility.

In addition to protecting the public health and safety (Objec-
tives 1, 2, and 3), HLW disposal systems also should protect the environment.
Objective 4 is directed toward that purpose.

Objective 4. The environmental impacts associated with waste dis-
posal systems should be mitigated to the extent rea-
sonably achievable.

In the context of this objective:

To the extent reasonably achievable means that which
is shown to be reasonable considering the costs and
benefits associated with potential mitigative mea-
sures and reasonable alternative courses of action in
accordance with requirements set forth by the Nation-
al Environmental Policy Act of 1969 and the Council
on Environmental Quality.

Basis for Objective 4 ,

As noted by the Interagency Review Group (2), the Environmental
Protection Agency (5,12), the Nuclear Regulatory Commission (6), and others
(7, 8,13), there is a consensus that the environment must be protected and
reasonable alternatives should be considered. Consideration of such environ-
mental impacts is required by law (36, 37).

Objective 5. The waste disposal system design and the analytical
methods used to develop and demonstrate system effec-
tiveness should be sufficiently conservative to com-
pensate for residual design, operational, and long-
term predictive uncertainties of potential importance
to system effectiveness, and should )rovide reason-

| able assurance that regulatory standarcs will be met.

In the context of this objective:

(a) Conservatism means taking a course of action in.
design, analysis, or operation which would tend
to overestimate adverse consequences, underesti-
mate mitigating factors, or otherwise provide
large margins of safety against undesirable
outcomes.

II - 16
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(b) Conservative measures might include: |

|

(i) A careful step-wise approach to design and
operation.

(ii) Multiple containment and isolation bar-
riers with sufficient independence and
residual effectiveness to assure com- i

'

pliance with appropriate radiation stan- i

dards over the range of credible failures.

(iii) Design and operating margins which safely
limit the effects of system uncertainties.

Basis for Objective 5
.

The IRG stipulated in its recommendations (3):

The existence of residual technical uncertainties
must be recognized and provided for in the program
structure.

Because of the relatively long time frames considered in HLW
disposal and the current understanding of HLW disposal systems, there are a
number of uncertainties surrounding system parameters, model validities, fu-
ture conditions on Earth, and certain mechanical-chemical-thermal-radiation

relationships.
Regardless of the effort devoted to characterizing, developing,

and analyzing an HLW disposal system, uncertainties will remain in the models,
,

data, and other factors influencing performance assessments. Those uncertain-
ties that cannot .be eliminated are called " residual uncertainties." The exis-
tence of residual uncertainties is not unique to waste management but is com-
mon to nearly every complex design or decision-making process regardless of
the particular field. As a contingency against such uncertainties, it is

customary to design safety factors, backup systems, or other measures to com-
pensate for uncertainties.

Objective 5 sets forth the conditions upon which - the NWTS
approach to meeting the. above -IRG reconsnendation and providing an adequate
measure of -conservatism is based. An expanded discussion of Objective 5 with
particular emphasis on parts (a) through (c) is provided in Section II.A.2. ;.

|

|
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Objective 6. Waste disposal systems selected for implementation
should be based upon a level of technology that can
be im)lemented within a reasonabla period of time,
shoulc not depend upon scientific breakthroughs,
should be able to be assessed with current capabili-
ties, and should not require active maintenance or
surveillance for unreasonable times into the future.

Basis for Objective 6

In his 12-February 1980 statement, the President set forth the
following requirement (1):

The responsibility for resolving military and civi-
lian waste management problems shall not be deferred
to future generations.

In order to provide waste disposal systems within this century,
the technology required for such systems should be available within this de-

| cade. Therefore, reliance cannot be placed on scientific breakthroughs.
Technology which is " reasonably available" must be brought to bear in a manner
that will provide high confidence of successful waste containment and isola-
tion. Confidence in the capability of a technology requires that its perfor-
mance be predictable by currently available techniques. Given that disposal
systems presently under development and available in this century can provide
that degree of confidence, there would not be adequate incentives to warrant
waiting for other systems requiring extensive technology development to - be
available.

In addition, as emphasized by the Interagency Review Group (2)
and others (7,12, 22) this generation should implement technologies to dis-
pose of nuclear waste without reliance on perpetual surveillance or mainten-
ance activities. The ~ Environmental Protection Ag'ency, in particular, has-
indicated in its draft criteria for waste management (5) that the Department
should not rely on such surveillance or maintenance for a period of more than
100 years af ter the termination of active disposal operations.

|

!

.
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Objective 7. Waste disposal concepts selected for implementation
should be independent of the size of the nuclear
industry and of the resolution of specific fuel-cycle
or reactor-design issues and should be compatible,
with national policias.

!

i
Basis for Objective 7

i

In his 12 February 1980 statement, the President set forth the

; followingrequirement(1):

This effort [ waste disposal] must proceed regardless
of future developments within the nuclear industry --
its future size, and resolution of specific fuel
cycle and design issues.

Objective 7 is directed toward implementing the President's
directives and ensuring that the proper care is exercised in developing waste
disposal system concepts to consider the constraints placed on their use by
national policy, to consider their availability for use relative to national
priorities, and to consider their Sverall flexibility to accommodate potential
changes in such policies.

Summary

The proposed general performance objectives for the safe and
environmentally acceptable disposal of high-level radioactive waste are as
follows: ;

Objective 1. Waste containment within the immediate vicinity of
initial placement should be virtually complete during
the period when radiation and thermal output are
dominated by fission product decay. Any loss of
containment should be a gradual process which results
in very small fractional waste inventory release

,

irates extending over very long release times, i.e.,

catastrophic losses of containment should not occur.

Objective 2. Disposal systems should provide reasonable assurance
that wastes will be isolated from the accessible
environment for a period of at least 10,000 years
with no prediction of significant decreases in isola-
tion beyond that time.
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In the context of this objective:

(a) Reasonable assurance means that the preponder-
ance of available technical evidence as inter-
preted by objective experts in the field sup-
ports the conclusions drawn.

(b) Wastes will be considered to be isolated if
long-term radiological consequences to the pub-
lic due to the effects of any reasonably fore-
seeable events or processes are predicted to be
within the range of variations experienced with
background radiation. Releases with conse-
quences of a few millirem to a few tens of
millirem per year would be considered accept-
able provided that the ALARA standard for
man-made systems is met.

Objective 3. Risks during the operating phase of waste disposal
systems should not be greater than those allowed for
other nuclear fuel cycle facilities. Appropriate
regulatory requirements established for other fuel
cycle facilities of a like nature should be met.

In the context of this objectiv\e:

(a) Operational phase risks refer to radiological
risks either to members of the public or to
facility personnel.

(b) Appropriate regulatory requirements refers to
safety standards which were derived for similar

quantities of radioactive materials and/or sys-
tems subject to similar potential modes of fail-
ure and which can, with little or no modifica-
tion, be applied to an HLW disposal facility.

Objective 4. The environmental impacts associated with waste dis-
posal systems should be mitigated to the extent rea-
sonably achievable.

In the context of this objective:

To the extent reasonably achievable means that which
is shown to be reasonable considering the costs and
benefits associated with potential mitigative mea-
sures and reasonable alternative courses of action in -

accordance with requirements set forth by the Nation-
al Environmental Policy Act of 1969 and the Council
on Environmental Quality.
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Objective 5. The waste disposal system design and the analytical
methods used to develop and demonstrate system effec-
tiveness should be sufficiently conservative to com-
pensate for residual design, operational, and long-
term predictive uncertainties of potential importance
to system effectiveness, and should provide reason-
able assurance that regulatory standards will be met.

In the context of this objective:

(a) Conservatism means taking a course of action in
design, analysis, or operation which would tend
to overestimate adverse consequences, underesti-,

mate mitigating factors, or otherwise provide
large margins of safety against undesirable
outcomes.

I(b) Conservative measures might include:
j

(i) A careful step-wise approach to design and
operation.

(ii) Multiple containment and isolation bar-
riers with sufficient independence and
residual effectiveness to assure com-
pliance with appropriate radiation stan-
dards over the range of credible failures.

(iii) Design and operating margins which safely
limit the effects of system uncertainties.

Objective 6. Waste disposal systems selected for implementation
should be based upon a level of technology that can
be implemented within a reasonable period of time,
not depend upon scientific breakthroughs, should be

; able to be assessed with current capabilities, and
should not require active maintenance or surveillance
for unreasonable times into the future.

Objective 7. Waste disposal concepts selected for implementation
'

should be independent of the size of the nuclear
industry and of the resolution of specific fuel-cycle
or reactor-desi;n issues and should be compatible
with national po'icies.

Section II.A.2 provides an expanded discussion of Objective 5
to more fully describe its meaning and to emphasize its importance in the NWTS |

program.

l
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II.A.2 The National Waste Terminal Storage Program
conservative Approach to Ensuring Safety

Consistent with Objective 5, the Department has adopted a con-
servative approach to the safety of HLW disposal systems. The performance

objectives in II.A.1, along with the criteria and standards to be promulgated
by regulatory authorities, will provide ultimai.ely the basis for assessing the
acceptability of specific proposed disposal systems. Extensive application of
calculational models will be used to predict the performance of disposal sys-
tems under a variety of potential conditions. Inasmuch as the exact condi-
tions that a disposal system will be subjected to during the next several
thousand years will not be known with certainty at the time of licensing, it
is necessary to build conservatism into the system to compensate for unexpec-
ted but credible occurrences which could affect its perforniance. The IRG

report includes the following statement (9):

Regardless of how minimal hypothesized effects might
be, the IRG finds that the Federal Government should
maintain a technically conservative approach in pur-
suing development . . . for high-level and TRU waste
disposal.

A " technically conservative approach" means an approach which
is seen to be moderate, prudent, and safe. The purpose of a conservative
approach is to compensate for perceived uncertainties in the capability to
predict events and natural phenomena over the very long periods of time during
which radioactive wastes will continue to emit radiation, to compensate for
uncertainties in the data, .and to compensate- for uncertainties inherent in

I simulating the real world through' approximations in modeling processes. An

| example of the relationship of the application of technical conservatism to

! the uncertainties perceived to exist relative to using mined geologic disposal
is contained in Appendix A of ' a subgroup report written for the Interagency

| Review Group (3).
In this section, the conservative measures 'being incorporated

into the NWTS Program .to provide confidence in system performance .are discus-
sed. For the most part, these measures are not- new but have been tried and
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tested in nuclear and nonnuclear engineering ventures for many years. The

main concepts discussed are (i) a step-wise approach, (ii) multibarrier system
approach, and (iii) use of design and operating margins.

II.A.2.1 Step-Wise Approach

Whatever the disposal method chosen, the application of that
method to high-level waste disposal will be novel. Much of the knowledge

brought to bear to ensure the adequacy of the final fully licensed system will
be acquired through early testing and observation. It is therefore prudent to

continuously reassess the state of knowledge, to search for the implications
of newly acquired findings, and to reevaluate designs and plans to ensure that
they are supported by the best and latest data. This approach of proceeding
cautiously and constantly reevaluating plans in light of new information has
been termed a " step-wise approach."

Applied to waste W.sposal, a step-wise approach might involve
initial storage of material in limited quantities under conditions that are

well understood or relatively benign. As observed phenomena are better under-
stood, additional quantities of material may be stored under conditions closer
to those anticipated for full-scale operation and again all system responses
would be checked and understood. The final system operation would be ap-

proached in a series of small steps, each one representing only a small

extension in the base of well understood knowledge, so that major surprises or
unanticipated events of serious risk would be unlikely. For example, if a

waste disposal system were found to be unacceptable for some unanticipated
reason during the early stages of disposal, a step-wise approach would require
reversibility, i.e., the ability to retrieve the waste.

In applying the step-wise approach, the Department is making
widespread use of scientific peer review. During the development of the tech-
nology to implement a waste disposal sytem, the evalution of phenomena associ-
ated with a disposal system, the analysis of possible failure modes, the

interpretation of scientific evidence, and the program planning for further
'

development and obser vation, pertinent information will be subjected to review
and criticism by scientific peers of participants in the program. Such evalu-

!
1
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ation by disinterested third parties with recognized scientific credentials
enhances the quality of the program results and increases the likelihood that
the safety assessments of waste disposal systems will be adequately per-
formed. This approach is also required in order to obtain " reasonable assur-
ance" in safety-related conclusions in the proposed Objective.2.

II.A.2.2 Multibarrier System

The performance of a waste disposal system can be. discussed in
terms of those features that provide for isolation and containment of wastes.
In order to meet the primary objective previously described for a waste dis-
posal system, namely, to isolate the wastes from the accessible - environment
and to pose no significant threat to the public health and safety (Objective
2), waste must be prevented from reaching the human environment in quantities
in excess of those perriiitted by radiation standards.* Routes by which the
wastes might reach the human environment are called " pathways." Features of
the system which act to either contain or isolate wastes to prevent them from
reaching the human environment are called " barriers." The multibarrier con-
cept requires that the success of the system be protected against deficient
barrier performance or failure by_ using a series of relatively independent and
diverse barriers that would not be subject to common mode f ailure. Barrier
multiplicity is required both as a hedge against unexpected occurrences or
failures and to provide appropriate means for protecting against - a wide
variety of potentially disruptive events. Acceptable system performance must
not be contingent on the performance of any non-independent ** barrier'combina-
tions.

Also as part of the multibarrier system concept, catastrophic
(total) system failure must be extremely unlikely due _to barrier diversity and
independence. (See, for example, proposed Objective 1 regarding potential
losses of containment.) Therefore, for any credible event or combination of
events and processes, the system would need to retain sufficient. _ barrier
effectiveness to keep releases within acceptable levels. based on a conservative

4

*For example, 40 CFR 191 when it is issued'by the EPA.
~ ** Subject to common-mode failures.

II - 24-

-



- ._ _ __________ _ _ _ _ _ _ _

tive analysis. This defense-in-depth philosophy, i.e., the philosophy of

providing several levels of protection to ensure proper system operation, is a
natural result of the conservative approach.

Multiple barriers will provide confidence in the capability of

the disposal system to perform as required by making the total failure of the
system nearly impossible to achieve using credible means. Some examples of

barriers which a waste disposal system might include are the following:

1. Long-term resistance of the waste package to
potential adverse environments.

2. Design features to inhibit waste mobility, e.g.,
those to depress'radionuclide solubility.

3. Mechanical features of containment structures
which inhibit waste transport, e.g., those pro-
viding low permeability for fluid flow.

4. Large separation distance and long tortuous
pathways between the wastes and the human envi-
ronment to allow time for radioactive decay.

5. Natural system processes which chemically retard
waste migration, e.g., sorption and formation of
precipitates.

Specific multiple barriers will be addressed in subsequent sections.

II.A.2.3 Design and Operating Margins

Conservative design practices and operating restrictions will,
in part, compensate for residual uncertainties. For example, although there
may not be a basis to achieve system optimization, successful system operation
can be assured by "over" designing and by "under" operating within prudent
limits. It is a common engineering practice to apply factors of safety to
designs to compensate for uncertainties in material properties, unexpected
operating stresses, and design errors. In a similar fashion, design safety
factors will be used in repository systems to ensure succassful operation for
any set of conditions permitted by the system uncertainties. Furthermore, the
system will be operated within a range that has comfortable safety margins
between operating ccnditions and potentially undesirable conditions.

1

i
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To this end, limiting conditions will be determined and a tech-
nical basis.for quantifying the appropriate margins will be developed. Subse-

quent discussions in this part will address sensitivity and uncertainty analy-
ses being conducted to establish a better perspective of the risk associated
with a variation of the input parameters.

By utilizing the conservative philosophies discussed in 'II.A.2,
a high degree of assurance in successful system operation will be possible.

Chapter II.B discusses the various disposal methods under con-
sideration and provides the rationale for choosing an interim planning strate-

~

'

gy. Subsequent sections indicate the steps taken to develop that strategy,
utilizing the philosophies in this chapter to give high assurance that the
objectives in II.A.1 will be met.

E
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-II.B ALTERNATIVES AND PREFERRED' METHOD FOR DISPOSAL

: . -
-

This chapter' presents . the' alternative nuclear waste- disposal:
e
; concepts-that have been proposed. Evaluations 'of these concepts to arrive at'
l

i a method adopted as an interim planning strategy are presented,' a'long with

;. supporting rationales. The _ alternative disposal methods are compared to the
~

proposed disposal system objectives discussed in II.A.
i
:
i II.B.1 Alternative Disposal Metho'ds

'

<

;

Alternative methods for the-' disposal. of- spent nuclear fuel' have

b been examined -in many studies. Most recently, the Interagency Review . Group

(IRG) (2) and the Department in its Draft Environmental Impact Statement on
Management of Commercially Generated Radicactive Waste (38) have- examined the

~

,

waste disposal . alternatives. Other reports examining the broad range of waste

i- disposal alternatives include studies by 'Battelle Northwest- Laboratory _ (39, '

40) and the Environmental Protection Agency (41). - The waste disposal techno--<

' logies which have been considered within-these reports are as follows:
-

L
| 1. Mined geologic disposal.

2. Subseabed disposal.j.
3. Very deep hole disposal.-

| 4. Rock melting disposal.
5. Island disposal.=

,

| 6. Ice sheet disposal.

: 7. Deep well injection disposal.
<

| 8. Space disposal.
i 9. JWaste. partitioning and transmutat' ion.*

-10. Chemical resynthesis.*
v

_

;-

*These _ technologies'are not waste-disposal techniques = but are' pretreatment H-

'
,

options, as discussed later. . They:are presented in this_ document for-

.
completeness.

,

L
!-

'

.

i
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In the studies mentioned above, these technologies have been
evaluated, examimd as to their environmental impacts, and assessed as to
their technologic state and applicability to disposal of spent nuclear fuel
(6). Based on the analyses, it has been concluded that disposal of nuclear
wastes in mined geologic repositories is most suitable for adoption as an
interim planning strategy pending completion of appropriate environmental

,

review (1, 43, .44). -0n 12 February 1980, the President adopted an interim
planning strategy focused on the use of mined geologic repositories (1). The
rationale supporting mined geologic disposal is presented in II.8.1.1 below.
The remaining nine disposal technologies are briefly described in I1.8.1.2
through II.B.1.10.

,

II.B.1.1 Rationale for Mined Geologic Disposal

The Department's current programmatic emphasis -is toward the
establishment of mined geologic repositories, as an interim planning strate-
gy. This section presents the rationale for the primary emphasis on mined

geologic disposal.
There are locations on Earth where changes of a geologic nature

take place slowly over time periods of millions of years. The rate of change
for geologic systems subject only to such long-term change mechanisms' woul' be -d

so low that they could be assumed to be stable for - periods of hundreds ' of
thousands of years. Consequently, it is believed that locations within the

Earth's crust whose primary change mechanisms require geologic time periods to
occur and which appear to provide negligible hydrologic transport potential
are suitable for the long-term isolation of nuclear: waste- (45, 46). To be
viable, a rock mass's previous geologic history would need to indicate proba-
ble continued stability for at least the next 10,000 years; it should be rela-
tively isolated .from circulating ground water; it must be capable of contain-
ing waste without losing its desirable properties; it must be amenable - to
technical analyses- (i.e., within man's near-term ability _ to model); and it'

must be technologically feasible to - develop 1 a- repository within it. To

effectively use -such a rock mass, man must be able to locate. it,_ enter it,
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i

emplace ~ waste in it, and seal it without permanently damaging its basic

integrity.

As presently conceived, a mined geologic repository will embody
three self-supporting and interrelated components to form a complete system
for the long-term isolation of radioactive wastes: a suitable repository.

| design, a qualified site, and an engineered waste package system. The reposi-
' tory design will combine conventional mining technology with designs based on

the radioactive waste performance requirements. The Department is comprehen-

sively screening the contiguous United States to identify qualified sites
(47). The waste package is; being designed to maximize containment. The

entire system will be required to meet stringent performance and environmental
standards (48).

As discussed earlier many groups have examined waste isolation
alternatives. In his message to Congress on 12 February 1980 (1), the Presi-
dent adopted an interim planning strategy focused on the use of mined geologic
repositories pending the completion of environmental review under the National
Environmental Policy Act (50). Two recent reports with broad assessment bases.
have been the report of the Interagency Review Group (2) and the Draf t Envi-
ronmental Impact Statement (draf t EIS) on the Management of Commercially Gene-

! rated Radioactive Waste (38). The key elements of these reports relative tn
mined geologic disposal are summarized below.

II.B.1.1.1 Interagency Review Group on Nuclear Waste Management |
l

The IRG (2) recommended the following interim strategic plan-
ning basis for waste disposal (49):

,

Tor the first (disposal) f acility only mined. . .

repositorias would' be considered. However, three to
five geoloi,11e environments possessing a wide variety
of emplacement media would be examined before a selec-
tion was made. Other technological options (for dis-
posal) .would be contenders as soon as they had been
shown to be technologically sound and economically
feasible.

O
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Following the public consnent period of its draf t report, the IRG reevaluated4

its position on waste isolation and stated the following (50):

The IRG has reviewed its judgments about when imple-
mentation might be able to begin for the various tech-
nology options and still feels that the statements in
the draft IRG report are appropriate. The IRG agrees
the technical options other than mined repositories
might one day become the preferred approach for high
level and transuranic waste disposal, but still consi-
ders the relative near-term emphasis to be placed on
each should be as described within the interim strate-
gic planning basis for high-level waste f, described
above).

The President has adopted this strategy as an interim planning strategy (1),
and the NWTS Program is consistent with it.

1I.8.1.1.2 Draft Environmental Impact Statement on Commercially
Generated Radioactive Waste

.

'
' The Draft EIS (38) embodies a comprehensive examination of the

10 disposal alternatives listed at the beginning of_ II.B.l. The Draft EIS
concludes that mined geologic disposal is the preferred option. This option
has been adapted as an interim planning strategy, i.e., not final but subject

to change ':r.til the final EIS is issued. Prior to the issuance of the final
EIS, no decisions or commitments that would foreclose alternatives can be

;nade. The Draft EIS findings on mined geologic disposal areas are as follows

(51):

| 1. Media Properties--A mechanically safe repository
'

can be designed in several types of rock.

2. Site Selection--There are no apparent. reasons why
i the site selection and site qualification proce-
! dures described (in .the EIS) could not - proceed

despite the present uncertainties in predicting
the long-term geologic stability.

3. Adequacy of Data Base--Further research .is re-
quired to resolve some deficiencies in the data
base- before repository performaace can be corfi-
_dently predicted.
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|

4. Waste Form and Container Design--The geologic
disposal system will be designed on an integrated

| basis to meet the required level of isolation.
The numerous design variables available (for waste
form and container design)--protracted cooling,.

waste dilution, alternative waste forms, canister
and overpack design, and repository design--assure
that levels of isolation required tc ensure public
safety can be met.

5. Assessment of Data Base and Analytical Methods--

The geologic data base is strong for some media
,

and being developed for others. Shoct-term geohy- |
drologic assessment methods exist, while longterm l

predictive geology methods require much work. The
data base for spent fuel's long-term stability is
limited but is under development. Many promising
waste packages designs have evolved and are being
evaluated. Some information is available on the
relation of human institutions and waste manage-
ment, but more work is required. The risks of
mined geologic disposal have been bounded for
short-term analyses, and are estimated to be very
small in relation to man made and environmental
hazards. Long-term risk assessment is being pur-
sued further.

6. Predisposal Systems for Geologic Disposal--The
technology for requisite predisposal systems is
well in hand.

Based on these and other assessments within the draft EIS, the disposal of
radioactive waste in geologic formations can likely be developed and applied;

with minimal ~ environmental consequences. As is discussed in further detail in
III.C.3, coments received by the Department on the draft EIS have not, at
this time,'resulted in a change in these findings, which are provisional until |

a final EIS is published.
In II.B.1.2 through II.B.1.10, which immediately follow, the

nine alternatives to mined geologic disposal which are considered in the draft
EIS are discussed and compared to the objectives in II.A.1.

|
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II.B.1.2 Subseabed Disposal

!'
~ It ' has been. postulated that high-level waste in suitable con-

'

; tainers could be emplaced in relatively thick -stable beds of sedi.aents located

i 'in deep quiescent and remote regions of the oceans ~ where . slow sedimentation
'

has taken place over tens of millions of ' years and where continued sedimenta-

.

tion and stability are expected over millions of years into the future'

(52-55). The key question is whether the ' sediments: form a natural barrier for
,

{ radioactive waste isolation. The sediments are clay formations exhibiting

j both vertical and horizontal uniformity, high plasticit: low permeability to
water flow, and high. capability for ion exchange and sorption. The sediments

j of interest range in depth from a few tens of meters up to a kilometer, with-
'

large areas averaging 100 m to 200 m deep. Directly above the sediments is a.
benthic boundary layer. This sediment / water interface extends upward from the

|
seabed about 100 m, .with the water column extending upward to the ocean's
surface. The benthic boundary layer and the ocean waters -offer an infinite

i

heat sink, and provide a potential pathway for ion migration and for dilu-

! tion. However, an understanding of deep ocean physical circulation and
biological processes is necessary -to address the risk 'of sediment isolation

j failure, improper emplacement, - or accidents during - transport to- the disposal
; site. The concept may have the potential to isolate wastes from the environ-
!

ment for long periods of time. It is expected that the natural barriers could
;

be augmented by an engineered container that could provide containment tuntil
the major part of the heat-generating waste had decayed to low levels.:

The regions of such beds . of sedimentation (called mid-plate,
mid-gyre regions) 1ie away from the seismic and volcanic edges of tectonic

,

! plates under the axes of large' circulating masses of. water called' gyres. L At-
these locations and depths, there is .little biological . activity. Also, be .

cause the sediments are primarily. a collection' of the . wind-blown- fine dusts-

from the continents and other 1 fine particulates that have - filtered down
through the ocean, there is little resource value'in these regions. Manganese-
nodules mayLbe found, but such nodules are common to large areas of the deep -
ocean bottom (55).and those under the-mid-gyre region ' appear to be -low in iron ,
and copper' (55).
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Several major uncertainties remain for the subseabed option. It

has been suggested that the implementation of subseabed disposal of spent
nuclear fuel would be in violation of the U.S. Marine Protection, Research,
and Sanctuaries Act of 1972 (57) and would therefore require specific U.S.
Congressional action before adoption. Similarly, international laws may be
interpeted as restricting the subseabed option (58). It is possible, then,

that new international treaties would be required prior to adoption of this
option. These two policy concerns raise issues as to whether subseabed dis-
posal would meet the proposed Objective 7_ (see II.A). Among the environmental,

questions which need to be resolved for the option are the confirmation that
the sediments pro,ide a natural barrier; that migration of radioactive wastes
through the sediment and across the benthic boundary layer is slower than the
natural radioactive decay process; that the biological and physical ocean
processes are understood, to permit assessment of potential release pathways
of radionuclides via the ocean and the food chain; and that potential implana-
tion and transportation accidents. are assessed. These concerns introduce
uncertainties about the concept's ability to meet proposed Objectives 3, 4 and

' 5 (see II.A).
Results of research to date support the continuing development

of the subseabed option, revealing no reason why it should be abandoned.
Thus, the IRG has recommended further exploration to resolve the uncertainties
remaining. The Department has implemented this recommendation and is funding
a continuing R&D effort on the subseabed option. The total number of uncer-
tainties and issues to be r ' solved is still significant for this option, but
efforts to resolve them are proceeding.

II.B.1.3 Very Deep Hole Disposal
,

i

The very deep hole disposal concept (59-62) would require that a |
deep ho!e (10,000 to 50,000 f t) be drilled and that packaged spent fuel be
stacked within it. This alternative, being a variation of mined geologic
disposal, hypothetically . permits disposal of radioactive wastes 'at great-
depths below the _ Earth's surface. Conceptually, the very deep hole alterna-
tive would be. developed and scrutinized - similarly to the- mined geologic dis-

.
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- posal' tech'nology. Exhaustive siting and licensing procedures ~ would lead to
designation of a site. . Surface facilities would be constructed that would
resemble those conceived for mined disposal. Mobile drilling equipment would
be used .to develop the deep drill holes. Following waste emplacement, bore--

hole sealing techniques would be employed to isolate the wastes.
The uncertainties for the very deep hole disposal concept are

both technical and environmental. There is limited understanding of the fund-
amental controlling mechanisms at great depths. At the depths involved, our

present ability to - confirm the geology is severely limited. Remote sensing

techniques are not available for these depths, nor is manned examination pos-
sible. Verification of isolation is at best intuitive for the very deep hole
concept. These questions indicate that verified compliance with the first six
proposed objectives presented in II.A is not now possible because of the high
degree of uncertainty. Retrievability appears to be prohibitive with the very
deep hole concept, making compliance with proposed Objective 5 doubtful. The

technology availability for this concept is also uncertain. The deep drilling
capability to the tolerances required is questionable. The emplacement tech-

nology is a problem because of currently inadequate cable technology and
potential problems in ensuring deep hole alignment. The technologic difficul-
ties and uncertainties with this concept are significant..

Very deep hole disposal is therefore not a prime candidate for
waste disposal at this time, but investigations of this option will continue,
with the possibility that the necessary technology may become. available.
Parallel interest in developing resources such as petroleum and geopressurized.
methane from very great depths provides an incentive for investigation of
deep-hole techniques which could, if developed, be applied to waste disposal.

II.B.1.4 Rock Melting Disposal

:

The rock mel' ting concept (63-68) for geologic disposal..of nu-
clear wastes would call for the direct emplacement of the waste in a deep -
underground hole or' cavity. Radioactive decay heat would cause melting of the-
surrounding rock, which in turn would dissolve the waste. In time, the waste-

. rock solution would solidify, trapping the radioactive material in a . relative-
ly insoluble matrix' deep underground.
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The rock melting concept has a large number of technologic and
environmental uncertainties associated with it. As with the very deep hole
concept, our ability to understand the fundamental geologic and hydrologic
mechanisms that exist at reference depths (up to 10,000 ft) is somewhat limit-
ed. The use of conventional geologic exploration tools to verify conditions |

of reference depths is uncertain. Manned inspection is not likely to be fea-

sible. In addition, retrieval of wastes from the process is probably not

possible. These and other factors limit confidence in this concept's capabi-
;

lity to meet the proposed Objectives 1 through 6 (see II.A).
Additionally, the rock melting concept is not suitable for all

wastes in the system. The ability of the concept to dispose of spent fuel is
questionable. If a mechanical or chemical preparation step.were required, then
additional wastes would be generated which would not be suitable for disposal
by the rock melting concept, thus mandating that some other technology be
simultaneously available. For these reasons, the rock melting concept is not
a prime candidate technology for the disposal of spent fuel.

II.B.1.5 Island Disposal

! Island disposal (69, 70) is a variation of deep geologic dispos-
al which was conceived to increase the distance between man and wastes. As

presently envisioned, island repositories would be mined, have waste inserted,
be sealed, and perform in essentially the same manner as mined repositories
within continental boundaries. Certain islands in the oceans and along the

.

continental margins have the potential for providing the conditions necessary
for an acceptable mined repository waste disposal site. These islands are
remote from areas of economic activity and population; many are devoid of
known natural resources, since they are usually the remnants of long-extinct
volcanoes and are made up primarily of basalt rock formations (ocean islands)
or formed from igneous rocks not having any special known resource value (con-
tinental margin islands). Many of these islands are purported to have a sim-
ple equilibrium hydrological regime wherein a stable lens between the rain-fed )
surf ace fresh water and the ocean-fed subterranean salt water is established. |,

,

At the center of this lens, an overburden of fresh water is hypothesized to

,
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displace ~ the more dense salt water. It is possible that at the lens centerL

near the boundary between the -salt water and the fresh water, there may be .a
region in which water flow velocities: are small and distance to the : ocean
water is large. These characteristics may be favorable for' restricting relea-
ses of radioactive materials to the environment.

! The meteorological conditions of many island sites is . favorable
because of exclusion from areas of advancing ice caps and severe climate chan-

! -ges. However, the effects of severe ocean storms and tsunamis would need .to
be considered in selecting a particular candidate island and depth of disposal
for the waste..

Although many of the islands were at one time the centers of
violent . tectonic and seismic activity, many of the formerly_ active centers-

,,

have remained inactive for millions of years and are now located- far from
active volcanic and seismic regions. Additionally,- island waste disposal

j

j complexes would have little- or no socioeconomic impact if an uninhabited is-

: land could be chosen, although the socioeconomic impacts at ports would re-
; quire examination. Many such islands are the property of the U.S. Government
1

i or private individuals but are outside the jurisdictional boundaries of any of
i

the 50 states. Some islands may be subject to international treaty terms.
I The island disposal concept has uncertainties associated with

its potential environmental impact. There is a potential for dynamic inter--

,

: action between the fresh and ocean water lenses in island geology,- which may
preclude confidence in 10,000-year isolation mechanisms -(see proposed Objec-

| tive 2 in II.A). There are technologic-uncertainties with the ocean transport
i of wastes, which, as in the subseabed concept, would be subject to adverse

weather conditions. Several political issues, including international issues,
may restrict this -option. With these uncertainties, and because the concept-
does not appear to offer advantages over mined geologic disposal, the island.
disposal concept is not a prime candidate disposal technology.

-II.B.1.6 Ice Sheet Disposal-

At and . surrounding the Earth's rotational poles, there are large.
uninhabited and desolate areas covered by ice masses; thousands _of meters thick

and extending somewhat uniformly over the polar regions. Where ice sheets.
_
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cover continental areas such as Antarctica or Greenland, they remain stable
for long periods of time. Due to the extreme cold at the poles, the ice is

perennial. At depths greater than a few hundred meters, the ice behaves like
a plastic and flows to seal fissures and close cavities. Over long periods of'

time, regions of ice central to the ice field flow to the perimeter and are
broken free by weathering and ocean forces to become icebergs. The transport
time for flow of ice from the center of the ice cap to its edge is a function
of the Earth's climate and is estimated to vary from tens to hundreds of thou-
sands of years through varying pluvial' cycle phases.

Use of ice sheet disposal (71-75) as presently conceived would
include the encapsulation and transportation of spent nuclear fuel by sea to a
polar disposal site located in a region of stable and uniform ice. Canisters

would be placed into a hole a few tens to a hundred meters deep and would be
sealed over by water poured in place and allowed to freeze. Heat generated

within the canister would melt the ice in a region around the canister, and
the melt water and waste container, which are more dense than the ice, would
slowly settle. This settling would be likely to proceed to the interface
between the ice and the underlying rock. Eventually several thousand feet of
solid ice would isolate the waste from the surface. The slow flow of the ice
might provide isolation for long periods of time, until the region of ice
flowed to the ice sheet perimeter and was broken off.

The ice sheet disposal concept is based on the assumption of
long-term stability of the polar ice masses. The concept is burdened with a
great number of associated technical, environmental, and legal uncertainties

(42). The technology for implementing ice sheet disposal would be extremely
difficult with the severe weather and temperature conditions presented.

Uncertainties about interaction between emplaced wastes and ice masses raise
questions about the concept's ability to contain and isolate wastes for the
period contemplated by proposed Objectives 1 and 2 (see II.A). If chosen, the
concept would also require new or amended international treaties (42).

Environmentally, ice sheet disposal has been estimated to be
unsuitable for nuclear waste disposal. Scientists representing the National
Academy of Sciences, the Scientific Committee on Antarctic Research of the
international Council of Scientific Unions, and the International Commission
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on Snow and Ice have concluded that the polar ice masses are not suitable for
~

the disposal of radioactive wastes (i6). The' principal questions about the
ice masses' disposal capability 'are the uncertainty about the stability of an
ice mass for at least _ a 10,000-year period, and the possibility of wastes
being mechanically disintegrated by the movement of the ice mass on the base-
ment rock, leading to escape via unknown pathways. The conclusion - on the

unsuitability of ice-sheet disposal has been echoed by the United Kingdom's
Royal Commission ' on Environmental Pollution (77). For these reasons, this

concept is not currently being pursued.

!

II.B.1.7 Deep Well Injection Disposal

4

Geologic formations of sedimentary shales that are hundreds of
meters in extent under thousands of meters of protective overburden may be

' essentially isolated from communication with the ground water and thus are
potentially isolated from the environment. In many areas, boundary layers of
the shale also form boundaries for a porous formation such as sandstone. This
porous formation is thereby isolated from the environment in much the same.way
that the interior of the shale itself is isolated. In shale and in some of
the shale-capped but less porous media, large-area horizontal fractures can be -
made by introducing liquids under pressure until the rock layers physically
separate. This process, called hydrofracturing, has been used to stimulate
the production of petroleum from well fields.

The deep well injection disposal concept (78, 79) would take
advantage of the isolation afforded by these geologic formations, as well u
the hydrofracturing and well stimulation technologies commonly used in the
recoveryJof oil. As presently conceived, spent nuclear fuel would be mechani-
cally or chemically processed to produce- a liquid or cement ~ slurry for injec-
tion by the deep well injection method. The waste would be injected under

pressure into the host geologic formation. If hydrofracturing were the..dispo-
sal method, the cement' slurry would be injected into the shale or hydrofrac-
tured porous media at a depth of 300 m to 500 m below tne surface. For injec-
tion of liquid waste into porous media bounded by shales, depths from 500 m to
5,000 m could be used. Methods for preventing nuclear criticality by dilution

II - 38

.



,

l
,

'

|

of thet fissile isotopes or dispersion of neutron absorbers or both would be i

j necessary, because the geometric configuration of the final waste reservoir
would be uncertain. Considerations of the chemistry of the host rock would be
important to ensuring effective criticality prevention.

Deep well injection is a well-defined technology, - having been
demonstrated for low-level radioactive liquids in the Soviet Union (80, 81)
and for cement / grout slurries in the Unite ates (82-84). As mentioned
above, this concept would require mechanical or chemical processing of -spent

,

fuel; this process would result in significant quantities of intermediate-

level, low-level, and cladding ~ wastes which would also require disposal. The

concept is not compatible with some of these other wastes, and so some other
disposal concept would be required to support the deep well injection concept.

Many uncertainties exist for the concept, which may affect its

ability to meet the first six proposed objectives for waste disposal given in
: II.A. Included are uncertainties about migration pathways in ground water

that could preclude injecting a readily mobile, liquid, high-level waste into
j deep strata. Containment barriers possible through the use of stabilized

solid waste forms and high-integrity containers would not be available using
this technique. The deep well injection concept probably precludes retrieva-4

bility of wastes (proposed 0bjective 5). In addition, the necessity for

processing the spent nuclear fuel may conflict with proposed Objective 7 (con-,

sistency with national policy) described in II.A. For these reasons, the deep
well injection concept is not a prime disposal candidate.

II.B.1.8 Space Disposal

Several space disposal concepts (85-89) have been considered in-
recent years. The currently favored concept is injection into a circular

solar orbit about halfway between Earth and Venus. Orbit'al calculations indi-
cate that for at least a million years, and probably longer, this orbit is

stable with respect to, Earth and Venus and would not intersect the orbit of
-

,

either planet.-
Several techniques could be used to. place the nuclear waste into

-

orbit. The concept receiving most attention would use the Space. Shuttle. to
lif t the waste - package with its attached- shielding, and an orbital transfer
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vehicle with a small second stage to near-Earth orbit. The waste package

would then be docked and assembled with the unmanned orbital transfer vehicle
and be propelled into the appropriate solar orbit. The orbital transfer vehi-
cle and the shielding would be recovered and returned to Earth for reuse.

Space disposal presents several technical uncertainties which
,

may limit the concept's ability to meet proposed Objectives 3 (operational
,

phase impacts) and 6 (performance with available methods) as discussed in'
II.A. The operational phase uncertainty involves launch failure and the
potential inability of the system to retain wastes in such a failure. Vehicle
loss probabilities have been estimated to be as high as 0.06/ launch (90).
Although not every launch failure might release radionuclides, the Royal Com-
mission on Environmental Pollution ne'vertheless concluded (77), ". the. .

consequences of even one failure that resulted in the release of the wastes
into the atmosphere would be so serious as to make the method (space disposal)

quite unacceptable at present." In addition to these technical uncertainties,

space disposal is less feasible for spent fuel than for selected partitioned
| waste streams, primarily because of launch energy requirements. Specially

tailored waste forms may also be required _to survive the postulated conditions
of accidental reentry, so that the concept would have difficulty meeting the
proposed O' nctive 7 in II.A (consistency with national policy). Aside fromo

this res'.riction, partitioning of spent fuel radionuclides would result in
other waste quantities which would require disposal via some other techno-
logy. The Department is cooperating with the National Aeronautics and Space
Administration in continued consideration of this alternative, primarily
focusing on the possibility of disposal of defense program high-level wastes,
but the significant problems described will require resolution before space
disposal becomes a realistic alternative.

,

II.B.l.9 Waste Partitioning and Transmutation

Waste partitioning and transmutation (91-96) is not a disposal
concept, but rather a treatment alternative for nuclear wastes. It is presen-

ted here to be compatible with the ' comparative evaluation referenced. Parti-

tioning involves chemical separation of waste constituents to facilitate an
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optimum method of management. Transmutation refers to a radiation treatment
of _ wastes by which nuclides with undesirable properties are converted to

,

wastes with more desirable properties (e.g., shorter half-life, lower radia-
| tion hazard, lower mobility, etc.). The partitioning and transmutation con-

cepts together commonly imply the separation and " detoxification" by transmu-
tation of selected radionuclides. Conceptually, the principal candidates for
partitioning and transmutation are iodine, technetium, and certain actinides,
which have very long radioactive half-lives. Transmutation concepts include

thermal reactors, fast reactors, fusion reactors, accelerators, and nuclear
explosives.

Extensive studies of the partitioning and transmutation process
have revealed major difficulties. Principally, there appears to be no risk
reduction to the process because of technologic limitations (96-99). Use of
the process would require that some disposal concept be used to support it.
Recent work has indicated that the process may result in an increased radia-
tion hazard during the short term, with no compensating decrease in long-term
hazard. These difficulties and uncertainties appear to limit the concept's

ability to meet proposed Objectives 3, 4, and 6 given in II.A.

II.B.1.10 Chemical Resynthesis

The chemical resynthesis concept (100, 101) is not a disposal
alternative but would provide a waste form alternative. It is presented here

for completeness, since it has been discussed in the comparative evaluations
referenced. The chemical resynthesis concept, now only in the early concep-
tual stage, attempts to achieve thermodynamic equilibrium between waste and
host rock. This could conceivably be accomplished by means of the supercal-
cine ceramics processing and products now under development.

The chemical resynthesis concept is actually just a variation in

waste form that may provide specially tailored waste packages of very high
integrity. The use of this concept will continue to be examined, as part of

the effort in materials development needed to support the Department's ongoing
programs in waste management.

.
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II.B.2 Summary

|

Ten waste management technologies have been discussed above.

t Mined geologic disposal appears most likely to meet all of the proposed objec-
tives in II.A.l. It is believed.that locations within the Earth's crust whose
primary change mechanisms require geologic time periods to occur and which
appear to provide negligible hydrologic' transport potenti'al are suitable for
the long-term isolation of nuclear waste.

The. alternatives of subseabed disposal and disposal in very
deep holes appear more amenable to being assessed with reasonably available
methods, but questions remain which must be addressed. They do, however,
appear sufficiently promising such that continued examination to assess their
potential for later development is warranted. The IRG has recommended that
these .two options continue to be studied to comprehensively assess their capa-
bility as backup options (102).

Many of the remaining alternative concepts, however, currently
lack enough definition to be judged by methods reasonably available and there-

,

' fore fail to meet the proposed objective that waste disposal systems selected
should be able to be assessed with current capabilities.

.

'
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II.C. ~ PRINCIPAL FEATURES OF A MINED GEOLOGIC DISPOSAL SYSTEM-

,

Chapter II.B shows that mined geologic disposal is an;appropri-
~

' ate interim planning strategy which is likely to meet the performance objec-
,

: tives in -II.A.1. This' chapter presents a1 general description of the~ mined
geologic disposal system, system components, and features 'of the' ~ components

~

_

q
that contribute to meeting the objectives stated-in -II.A.l. .A'_ description of !

the characteristics of spent fuel and the environmental conditions potentially
~

; encountered by the waste package is also ;provided. The chapter.'.s ' primary
purpose is to provide the reader with a- basic understanding of the system as

7
an introduction to the' more ' detailed discussions presented in Chapters = II.D
through II.F.

,

!

j II.C.1 Concept Perspectives
,

In the- mined geologic disposal system, containment and isola-
,

tion will be achieved by- emplacing the packaged waste in a repository hundreds
of meters below the ground surface at a site selected for its' favorable con-.

tainment and isolation capabilities. Once radioactive wastes are emplaced, ins

a properly sited and designed repository, credible means .for return to the
,

biosphere are few (see II.D). - Dissolution of the waste and transport of
radionuclides to the biosphere by circulating ground water are considered the

; principal means by -which radionuclides could be released to the . biosphere
(103,104).

In evalusting the system's performance, three~ periods in . time--

|- the operational period, the . thermal period, and the post-thermal ~ period' --and
L two regions in space--the ..far field ;and the near field--can j be considei ed.

The periods in time can be described as follows:7

i

1. Operational period--the time when the repository '
i is open. and: during which waste 'can be emplaced or ?
I^ retrieved (see.II.F.3).

^

_ i

2. Thermal period--the period ;after closure of the ~

. : reposi tory when radioactivity.' levels 'and ' heat
; production:are dominated by fission product decay.-

b

: _

i :II.-43| '
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.

3. Post-thermal period--the time following decay of .
the short-lived radionuclides, during which the
radiological hazard is dominated by the decay of )
actinides and their daughters (105).

The regions in space are usually referred to as the .far field
and the near field. Although no precise physical boundary separates them,*

,

they may be described as follows:

1. The far . field refers to the zone that encompasses
the host rock, the adjacent rocks, and the entire
gegion in which far-reaching effects may occur.

2. The near field refers to zones within, or closely~

adjacent to, the repository structure. In many
cases, the near field is further refined into the
very near field to describe. the zone immediately
adjacent to the waste package.

II.C.2 System Description

|
The mined geologic disposal system will be composed of 3 major,

subsystems: the natural system associated with the site, the waste package,
and the repository. Together they provide multiple independent natural and
man-made barriers in accordance with Objective 5 in II.A.1. Descriptions of
the natural and man-made systems are provided in- greater detail in Chapters
II.D and II.E, respectively. The natural geologic and hydrologic features of
the repository site, as well as the remoteness of the repository (in terms of
depth below the surface and distance from water supplies), provide barriers
for containing and isolating nuclear waste from people and their environment

-(II.D). Engineered barriers incorporated in the waste package and repository
system provide containment of _ the waste, delaying the time and retarding the

| rate of release of radionuclides into the far-field environment (II.E.1 and
2). Prior to repository closure, engineered barriers in the form of. container
and waste: form will aid in protecting both the repository work force _ and the
general public by containing the waste and limiting the _ potential for its
dispersal -if the container _ is . breached. _After the repository ' is closed,
protective ~ measures will be provided to reduce -the-likelihood and the conse-
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I
quences of human intrusion into the repository (II.E.3). A conceptual mined

geologic disposal system diagram is shown in Figure II-2. The three repos-
itory subsystems are described in the following paragraphs.

1
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Figure II-2. A Mined Geologic Disposal System
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II.C.2.l' Natural' Systems
.

The repository site will include natural barriers which provide
waste containment and isolation. These barriers will -keep radionuclides from
reaching man in unacceptable . quantities by (i) maintaining. the _ waste in its

| . emplaced condition for a given period of time (i.e., providing . waste contain-
.

ment); (ii) limiting radionuclide mobility through the geohydrologic environ-'

ment _to the biosphere (ise., providing isolation); and (iii) assisting in
keeping man. away from the waste (principally by making intrusion difficult,
through use of host rock at depth; and unlikely, because there will be few,

intrusion incentives). The site will contain a host rock suitable for con-
.

struction of the repository and containment of the waste, as well as surround-
ing rock formations which can provide adequate isolation. Desirable hydrolo-
gic features include low ground ' water flow rates, long path lengths to the
biosphere, and evidence of long-term stability. - .The important natural attri-

i
butes of the host rock include its thermal, mechanical, hydraulic, and chemi-

cal characteristics, which determine ground. water movement and chemistry, and

! the host rock's ability to withstand thermal effects.
! Site selection factors are based ~ on the characteristics cited

above and on other concerns such as the protection of the environment and
, institutional and socioeconomic concerns. Selection of the repository site

will take into consideration containment and isolation capabilities; potential
L present and future environmental impacts,. land use conflicts, and resource

_

conflicts; and other potential social, political, and economic impacts on

| communities - affected by - the repository. Specific site selection factors are

presented in Chapter II.D.

II.C.2.2 Waste Package

The waste package is' an"important part of the overall waste-

disposal system. During the operational' phase (II.F.3), the waste package
provides_ containment for handling and emplacement and helps ensure retrieva-
bility. During the thermal period the waste. package provides containment in
accordance with- Objective - 1 (II.A.1).- Beyond the thermal period the waste -
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package works in conjunction with the repository system and the na ral sys-

tems to provide waste isolation in accordance with Objective 2.
The waste package will include the waste form itself, a'stabi-

lizer material, a canister, and one or more layers of protective materials

selected to minimize interactions among the waste, host rock, and ground
waters. A detailed discussion of the waste package and its components, in-
cluding the phenomena of importance to its_ performance, the . requirements to
guide its development, and the status of knowledge regarding potential

materials and components which satisfy those requirements, is provided in
II.E.1.

II.C.2.3 Repository System

The repository will incorporate man-made structures, which
permit access to the underground facilities and enhance waste containment, and
natural barriers, such as the local host rock, to provide containment and

isolation after closure. The design, construction, and operation of the repos-
itory will be carried out in a manner that preserves the desirable containment
and isolation capabilities of the natural system.

Surface facilities will provide for waste receipt, preparation
of the waste for emplacement, and transfer of the waste to the underground
workings. The surface facilities will be similar to those that have been
operated for the handling of radioactive materials over the past several

decades and also similar to common industrial mining facilities, for which

| considerable engineering experience exists. The surface facilities will be

required throughout the operational period of the repository.
Repository facilities at depth will include a receiving area

for waste packages lowered down the shaf ts; transfer vehicles to move the -
waste packages to the emplacement area and into the emplacement holes; and
equipment to emplace auxiliary barriers, backfill, and other shielding, as may
be required. Underground handling equipment will be operated by repository
personnel.
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! ?The? repository will be - constructed using conventional mining
~

techniques. -In1 some; of the softer rocks, continuous. mining ' machines using

v - rotary cutter . heads would be used. In hard rock repositories,-_ drilling and '
i blasting would be required for shaft and tunnel construction. Waste packages-

j' will be emplaced in the series of' rooms in holes or' trenches cut into the host
' rock. ' The ' volume of rock removed for access and waste emplacement will be

j-

considerably less than the volume removed in a conventional mine covering-.an:
~

'

equivalent area. Conceptual designs have 'been developed -with . extraction
ratios of approximately 20%, whereas -conventional: mines reach ratios as high

;
'

'

as 90% (see II.E.2).

: In the conceptual designs for repositories prepared to date,
the emplacement rooms have been approximately 20 f t (6 m) wide by 20 ~f t (6 m)
high and severa1' hundred f t- long (106,107).- Emplacement rooms were separated.

) by pillars of undisturbed host rock about 70 f t (21 m) wide. A typical repos-
2

! itory with a local thermal power density of" 60 kW/ acre -(15 W/m ) might
occupy a total' area of 2,000 acres (810 hectares) and accomodate about 70,000

I MTU (about 160,000 assemblies) of spent fuel, depending on' the design bases: .

#

used. Access from the surface would -be through several vertical shaf ts that

| provide the means ~ to move personnel and m:tsrials to the underground area; to

| remove excavated rock from the ' underground, 'and to ventilate the excavated '

; areas. Figure II-3 depicts a typical repository system.
I
~ Operational phase. monitoring', during and af ter waste emplace--

| ment, will be conducted to ensure that the repository is performing as pre-
i dicted (see also II.F.3). If a reanalysis of repository ' performance based on

data collected during the operational phase indicates that the repository Lis
7

| not performing as predicted, retrieval of the waste.may be necessary. Repos'-
.

itory design and operation will provide' for. waste retrieval' ca'pability_.

|
throughout the operational phase. The? repository design will -also facilitate-

. .

- . .. _,

the ~ decomissioning of the facility at the' end 'of' the operationalEperiodi to?-

include sealing of the shafts and rooms when authorized-byLthe Commission.

'
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II.C.3 Spent' Fuel' Characteristics

As stated in Part I, spent fuel from nuclear power ~ reactors is
used in this Statement as the representative waste form. To aid subsequent

discussions of the waste package and the impacts of the waste on the man-made
and natural systems, a brief suninary of spent fuel characteristics is provided

,

here. The reference spent fuel discussed here'is uranium dioxide (UO ) fuel2

which has typically undergone 33,000 mwd /MTU burnup in a light water -reactor

(LWR). Light water reactors are either pressurized water reactors (PWR's) or
boiling water reactors (BWR's).

II.C.3.1 Physical-Characteristics of Fuel Rod and Assembly

Fuel rods for light water nuclear power reactors consist of
short cylinders (pellets) of sintered uranium dioxide fuel which are-. stacked
and hermetically sealed in zirconium alloy or stainless steel cladding tubes.
The UO (fuel contains slightly enriched uranium in which the fissile2

U235) content is 2% to 4% of the total U content. Table II-2 summarizes the
fuel rod characteristics for LWR's. An example of a typical LWR fuel rod

(108) is shown in Figure II-4.

Table II-2. Characteristics of Typical Light Water
Reactor Fuel Rods

Characteristic PWR BWR

Length, m 3.8 4.1

Active fuel height, m 3.7: 3.8
,

Outer diameter, cm 0.95 1.2

Uranium content, kg 2 3

Pellet length, cm 1.5 1.5

Source: (Reference 109) U.S. Department of Energy, Analytical Methodology and
.

Facility Description - Spent Fuel Policy, DOE /ET-0054, p. - I-4, August
1978-
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Source: (Reference 108) W.H. Baker and F.D. King, Technical Data Summary,
Spent Fuel Handling and Storage Facility for LWR Fuel Reprocessing
Plant, DP5TD-AFCT-77-7, Savannah River Laboratory, p.A.3, E.I. du
Pont de Nemours and Co., Aiken, SC, August 1977
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The fuel rods are assembled intio a square array, spaced and
supported by grid structures and end pieces. Although similar in design, fuel
accemblies used in PWR's and BWR's differ significantly in size and fuel con-
tent. A typical PWR assembly is a 17 x 17 rod array with 264 fuel rods, with
the other 25 spaces left open for control rods, burnable poison rods, and
instrumentation. A typical BWR assembly is a 7 x 7 rod array. The entire BWR
assembly is encased in a thin Zircaloy box called a fuel channel.

Table II-3 summarizes the physical characteristics of typical

PWR and BWR fuel assemblies (109). Figures II-5 and II-6 show examples of
typical PWR and BWR assemblies (108).

!

Table II-3. Characteristics of Typical Light Water Reactor
Fuel Assemblies

Characteristic PWR BWR

Length, m 4.1 4.5
Cross section, cm 21.4 x 21.4 13.9 x 13.9

| Array, number 17 x 17 7x7
Total weight, kg 670 279

U/ assembly, kg 460 190

UO / assembly, kg 525 2152
bZircaloy/ assembly,kg 130a 57
dHardware / assembly, kg 16c 8

Total metal / assembly, kg 145 650

aIncludes Zircaloy control-rod guide thimbles.
b Includes Zircaloy fuel-rod spacers.
cIncludes 10 kg stainless steel (SS) nozzles and 5.5 kg Inconel-718 grids,
d ncludes SS tip plates and negligible amount of Inconel springs.I
(Inconel is the trademark of International Nickel Co.)

Source: - (Reference 109) U.S. Department of Energy, Analytical Methodology and
Facility Description - Spent Fuel Policy, DOE /ET-0054, p.1-4, August
1978
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Source: (Reference 108) W.H. Baker and F.D. King, Technical Data Sumary,
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! II.C.3.2 Thermal and Radiation Characteristics of a Fuel Assembly
|

*

!

Most of the radionuclides formed during , reactor operation are
contained in the structural matrix of the fuel. A small fraction is in thei

annular gap surrounding the fuel pellets and in the hardware components of the
fuel assembly. Af ter an LWR fuel assembly is irradiated, it normally shows no
outward external physica! change other than the presence of thin films of
deposits and corrosion products. However, within the fuel rods, irradiation

causes the U02 pellets to fracture because of thermal stress and changes in
the mechanical properties of the rods.4

New fuel can be handled and shipped as a standard commercial
product, but spent fuel must be cooled and shielded because it is highly
radioactive and produces heat. Initially the heat and radiation in the spent
fuel are primarily generated by the radioactive decay of short-lived

! nuclides. As fuel ages, the radioactivity decreases and the amount of cooling
required decre .ses. The decrease of radioactivity and heat generation for a
typical fuel '.lement af ter removal from a reactor is shown in Table II-4. As

a referen'. case, it is assumed that 10 years will have elapsed af ter removal
,

of th' spent fuel from the reactor before the fuel is introduced-into a re'pos- |

41sry.

The spent-fuel characteristics described above will be refer-

enced in the ensuing diseassions of a mined geologic repository. A more de-
tailed discussion of tF.e characteristics of spent fuel is provided in IV.D.4.1.

.
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Table II-4. Thermal and Radiation Characteristics of a Spent Assembly
(after 33,000 mwd /MTU burnup)

Surface-.

'

bAge Thermal Powera Activity ' Dose Ratec
M (Watts / assembly) (curies / assembly) (rem /hr)

1 4,800 2.5 x 106 234,000

5 930 6.0 x 105 46,800

10 550 4.0 x 105 23,400

50 250 1.0 x 105 8,640

100 130 5.0 x 104 2,150d.

3 58d500 45 2.5 x 10
1,000 26 1.7 x 103 9.6d

5,000 15 6.0 x 102 2.5d

10,000 6.4 4.5 x 102 1.8d

aSource: (Reference 110) R.A. Kisner, J.R. Marshall, D.W. Turner, J.E. Vath,
Nuclear Waste Projections and Source Term Data for 1977, pp. 41-42,
Y/0W1/TM-34, Oak Ridge National Laboratory, Oak Ridge, TN, April 1978

bSource: (Reference 111) S.N. Storch and B.E. Prince, Assumptions and Ground
Rules Used in Nuclear Waste Projections and Source Term Data,
ONWI-24, Oak Ridge National Laboratory, Oak Ridge, TN, September 1979

cSource: (Reference 112) A.G. Croff et al., Calculated, Two-Dimensional Dose
Rates from a PWR Fuel Assembly, ONL/TM6754, Oak Ridge National
Laboratory, Oak Ridge, TN, March 1979

d Derived by applying reduction factors in Reference (113) to values given
in Reference (112) at 10 years. (Reference 113: H.C. Claiborne, L.D.
Rickertsen, and R.F. Graham, Expected Environments in a Nuclear Waste -
Spent Fuel Repository in Salt, ORNL/TM-7201 (Draf t) Oak Ridge National
Laboratory,OakRidge,TN, January 1980)

,

|
|
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II.C.4 Environmental Conditions in Repositories

9

In a mined geologic repository the waste package will encounter
conditions that are influenced by the rock response to heat and radiation from
the waste and by geochemical interactions between the natural environment and
the waste. Many factors influence interactions between the host rock and the
waste package, the most significant are the temperatures and the composition
of ground water to which :he package might be exposed. Typical conditions can
be established for the itcal environment around the waste package by using the
various calculational mt.dels discussed in II.F. Representative examples of
typical near-field temperatures and ground water compositions for repositories '
in salt, granite, and basalt are presented in II.C.4.1 through II.C.4.3. The

temperature calculations were performed with the repository characteristics
given in Tab 1r. II-5. In all cases the potential effects of fluids were

ignored in performing the thermal calculations.
In these examples the term " therm'al power density" describes

the amount of waste placed in the repository in terms of thermal power gener-
ated by the waste per unit emplacement area of the repository, e.g., kW/ acre.

The local thermal power density is calculated using the horizontal cross-sec-
tional area of one emplacement room and one room pillar and does not include
the areas represented by access drifts or the shaft pillar.

Table II-5. Spent-Fuel-Repository Characteristics

Characteristic Salt Basalt Granite

Local thermal loading,
kW/agre 60 100 80 80
(W/m2) (15) (25) (20) (20)

Pitch (along canister row), m 2.7 1.6 1.83 1.83

Distance between canister 1.7 1.7 2.5 2.5
rows, m

Canister thermal power, W 525 550 550
' at emplacement
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II.C.4.1 Environmental Conditions in a Salt Repository

Calculations have been performed to assess anticipated tempera-
tures and potential accumulation of fluids in the very near field in a salt
repository. Thermal field calculations were performed, and the temperatures
and temperature gradients were then used to estimate the maximum influx of
brine.

|

II.C.4.1.1 Temperatures in Salt

Calculations of temperatures in salt have been made using a
three-dimensional a6 lyds for a design in which storage rooms at a depth of
2,000 feet in a bedded salt turmation contain two rows of spent fuel assem-
blies in vertical, backfilled holes in the floor (113). In this reference,

spent fuel generating 525 W per canister at the time of emplacement were
2used. Local thermal power densities of 100 kW/ acre (25 W/m ) and 60 kW/ acre

2(15 W/m ) were ceasidered. The repository characteristics used have been -

sumarized earlire (see Table II-5). Thermal properties of salt were taken

from the draft ilS baseline (114).
The temperature histo.'ies at the canister midplane, the posi-

tion of maximum temperature, for these conditions are shown in Figure II-7.
0The salt temperature peaks at about 95 C for the 60 kW/ acre case, and

approximately 140 C for .the 100 kW/ acre case. The temperatures of the
canister wall peaks at 100 C and 145 C for the 60 kW/ acre case and 100
kW/ acre cases, respectively. These peck temperatures occur within 50 to 60-
years after emplacement. These calculations did not include the potential
mitigating effects of ventilating emplacer rooms, which, if carried out j

throughout the emplacement period, could renove a significant fraction of the
thermal energy which would otherwise be absorbed by the host rock (113).

II.C.4.1.2 Fluid Conditions in Salt
l

i

Under . natural conditions, no circulating . ground water is pre- |
|

sent- in bedded or domal salt. With the presence of heat, 'hewavar, the migra-
tion of ' fluids in the form of . inclusions, crystal boundary entrapments, and
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water of hp ation has been suggested as a source of fluid near the waste
package (115). This phenomenon has also been observed experi' mentally (116,
117). Calculations (113) to estimate the influx of brine from the rock salt |

g near the waste canister into the canister cavity have been made with the
"MIGRAIN" computer model (see II.E.2 and II.F.1). The temperatures and tem-
perature gradients were calculated in the same manner as those discussed in
the preceding paragraph, but for a' single-row emplacement configuration at 60 !
kW/ acre thermal power density. MIGRAIN incorporates correlations of labora-
tory observations of the migration velocity of brine inclusions with the tem-
perature gradient, temperature, and phases present in the inclusion. The

laboratory experiments concentrated on single crystal - behavior and did not
;

account for migration across crystal boundaries. Vapor phase transport was '

not considered in the calculation. It is believed that the consideration of ,

these f actors would have reduced the calculated accumulation of brine at a
waste canister (118, 119). The calculations therefore are considered over-
estimates of the quantity of brine expected. If the MIGRAIN model is combined
with the temperature fields and gradients (maximum value less than

00.3 0/cm), the inflow shown in Figure II-8 would be predicted. Under these
assumptions, for a single-row emplacement configuration, the total accumulated
influx of brine 1,500 years after emplacement is about 6 liters.

,

The concentrations of the chemical constituents of the -fluids I
:

which could contact the waste package are highly site-dependent. The major
constitaents are sodium and chlorine. Some magnesium and calcium chlorides
and sulf ates can also be present. Domal salt generally contains fewer impuri-
ties than bedded salt. Thus, brines associated with domal salt have greater
sodium and chlorine ion concentrations relative to other dissolved solid con-

i

centrations. Brine in inclusions and crystal boundary entrapments may have
i higher magnesium content. The composition of WIPP "B" brine, which has been
1
' used in radionuclide leach tests -(120), is shown in Table II-6. This brine

was produced by dissolving in water a sample of salt from the Los Medanos
bedded salt site . in New Mexico; this site has been proposed- as the location

! for the Waste Isolation Pilot Plant (WIPP) project (121).
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Table II-6. Chemical and Ionic Composition
of WIPP "B" Brine

Concentration
Ion (mg/l)

5
Na+ 1.2 x 10

K+ 15

Rb+ 1.0

Cs+ 1.1

Mg++ 10.0

Ca++ 8.8 x 102

Sr++ 15.0
'

Fe+++ 2.0

C1 1.8 x 105
2Br 4.0 x 10

I 10.0

HCO 98.03
3

SO 3.5 x 104

8 (B0 ) 100.0
3

Source: (Reference 17.1) R.G.1 Dosch and A.W. Lynch, Interaction of Radionu-
clides with Geomedia Associated with the Waste Isolation Pilot Plant'

-(WIPP) Site in New Mexico, SAND 78-0297, Sandia National Laboratory,
Albuquerque, NM, 1978

II.C.4.2 Environmental Conditions in a Granite Repository

II.C.4.2.1 Terperatures in Granite

Calculations of temperatures- in the very near field in a
granite repository have|- been performed (122). These calculations .were for a
reference repository synthesized from the existing designs available. through-

j. out the world (123-126); The repository was assumed to be 1,000 m below the.
|
;

* <
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|

Earth's surface, with spent fuel emplaced in two rows per emplacement room at
280 kW/ acre (20 W/m ) local - thermal power density. The emplacement holes

were assumed to be backfilled with dry, crushed granite imediately af ter
i emplacement of the canister. The reference granite repository characteristics
| have been summarized in Table II-5. Granite properties were based on a survey

of the literature. In this example a thermal conductivity of 2.52 W/m 0K
cas used. These properties were assumed to be temperature-independent. Tem-

perature distributions were calculated for a single canister using the

finite-element computer model, SPECTROM 41, with an axisymetric model of the ,.
canister. These distributions were combined using SPECTROM 42 to determine
the effect of all canisters on the repository temperatures (122).

The temperature histories for granite at the emplacement hole
surf ace and for the canister, both at the canister midplane, are shown in
Figure II-9. The granite temperature peaks at 150 C at 35 years after
emplacement. The canister temperature peaks at about 170 C at 25 years
after emplacement (122).

II.C 4.2.2 Chemical Constituents in Ground Water in Granite

The chemical constituents found in ground water in deep granite
are directly related to the composition of the granite containing the water.

' Since no two granitic rocks are identical in composition, ground water con-
stituents vary (127). However, the major components of the granite that

affect the composition of the ground water lie within generally accepted

bounds (128) and can thus be used in describing the ground water. Table II-7
lists major and minor constituents typical of an unweathered, intact granite
1,000 m below the Earth's surface, with negligible recharge from the sur-
rounding zones and prior to any interactions with the waste package. These

values are based upon a survey of the literature on granitic rock mass proper-
,

1

ties (127). |

4

r

$
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Table II-7. Ground Water Composition of Generic Granite
>

Range
Component (mg/1)

2Ca + 20 - 60

- N a+ *10 - 100

2Mg + 5 - 30

Fe 1 - 20
tot

2
'

Fe + 0.5 - 15

K+ 1-5

2Mn + 0.1 - 0.5

HCO 60 - 400
3

Cl- 5 - 100

S0j- 1 - 40

NO- 0.1 - - 2

P0j- 0.01 - 0.6

F- 0.5 - 3

HS- < 0.1 - 5

C0 0 - 25
2

.SiO2 5 - 40

N0 < 0.01 - 0.1
4

0 < 0.01 - 0.07
2

Source: (Reference 127) G.K. Coates, Expected Repository Environments in
Granite: Ground Water Composition in Granite Rock, Technical Letter
Memoraredum RSI-0047, RE/ SPEC, Rapid City, SD, March 1980

t
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Source: (Reference 122) J.D. Osnes and K.B. DeJong, Expected Repository Envi-
ronments in Granite: Thermal Analysis of the Very-Near-Field Region
for Spent Fuel Repository in Granite, Technical Letter Memorandum
RSI-0048, RE/ SPEC, Rapid City, 50, March 1980

II.C.4.3 Environmental Conditions in a Basalt Repository

II.C.4.3.1 Temperatures in Basalt

.

Calculations for the very near field in a basalt repository
have been performed using the .same repository and waste characteristics used
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in the preceding . granite example and as given in Table II-5. Typical values
,

for basalt properties were used (129). In this example a thermal conductivity

of 1.16 W/m OK was used. The ambient temperature in basalt at 1,000 m depth
0 0 0

is in the range of 40 C to 55 0. A temperature .of 50 C was used in this
'

example.

The temperature histories for the basalt at the emplacement
hole surface and for the canister, both at the canister midplane, are shown in

0Figure II-10. The basalt temperature peaks at 250 C at 25 years af ter em-
0placement. The' canister temperature peaks at 280 C at 20 years (129).

II.C.4.3.2 Chemical Constituents in Ground Water in Basalt

Ground waters within the deepr portions of a thick rock se-
quence, such as the Columbia River basalts, are cut off from effective inter-
change with the atmosphere. Hence their chemical compositions are controlled*

by chemical reactions involving the primary and secondary minerals of the
rock. Average compositions and ranges of compositions for ground waters from
the Columbia River basalts (130) are given in Table II-8.

II.C.5 Summary

A mined geologic disposal system incorporates those features.
that can provide waste containment and isolation. The er.vironment which the

waste packages will encounter in representative repository systems has been
described. It will be composed of three major subsystems: i.he natural system

associated wih the site, the waste package, and the repository. Together they
provide multiple independent natural and man-made . barriers. The next two
chapters describe in detail the features, requirements, and the status of
knowledge for each of these subsystems.

;

:

!

<

II<- 66 -



(

1 l~
6 I i i l i i | |l 4 I I I | | ||

300 -
-

, # ~~ ~ ' %

,/
/

/ -

250 -

f

/
/

C ,'p
-

e /'= /- -

200 -

f

E /
8 /
H ,/

/
# -

150

100 - -

50 - -

MAXIMUM BASALT TEMPERATURE

-- CANISTER TEMPERA URE

I ' ' I I ' ' ' ' '' ' ' ' ' ' ''.O
1 5.0 10. 40.O.1 0.5

TIME (YEARS)
,

Figure-II-10. Thermal Histories for a Basalt Repository
at Canister Midplane

Source: (Reference 129) Adapted from J.D. Osnes and K.B. -DeJong, Thermal-

Analysis of Very Near Field Region for Spent Fuel Repository in Ba-
salt RE/ SPEC Technical Letter Memorandum RSI-0049, RE/ SPEC, Rapid
UTEf,, SD, March 1980

II - 67



-__ _ _ _ - _ _

Table II-8. Average Composition and Range in Concentration of
Major Chemical Constituents Within Ground Water for

Formation of Columbia River Basalt Group
'(concentrations in mg/1)

Lower Saddle Upper Wanapum Grande Ronde

Constituent Mountains Basalt Basalt Basalt

ANIONS

217 177 75
HCO3

(169-267) (141-216) (66-88)

-

0 0 50
C03 (101-127)

,

Cl 20 6.6 131
-

(4.3-63) (3.8-15) (98-148)

2-
S04 4.0 11 72

(.3-18) (.2-32) (13-108)

NO - .5 .5 N.D.a
3

( .5) (.1-2.7)

F- 2.2 .7 29

(.1-8.0) (.2-2.0) (22-37)

CATIONS

Na+ 83 34 225

( 36-122) (17-80) (182-250)

K+ 11 11 2.5
(7.7-14) (5.9-19) (1.9-3.3)

2Ca + 4.7 17 1.1
(.5-22) (1.6-2L) (.8-1.3),

2Mg + 1.8 8.8 .7
(1.-12) (.2-15) (.0-2.0)

SiO2 69 57 117

(56-91) (41-73) (115-121)

Total dissolved
solids (sum) 413 324 705

(344-505) (283-435) (584-826)

aN.D. = not detected.

Source: (Reference 130) - R.E. Gephart et al., Hydrologic Studies Within the
Columbia Plateau, Washington - An Integration of Current Knowledge,
RHO-BWI-ST-5, Rockwell Hanford Operations, Richland, WA, October 1979
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II.D NATURAL SYSTEMS OF MINED GE0 LOGIC DISPOSAL

This chapter discusses the natural components of a mined
geologic disposal system. It describes the function of the natural system
(II.D.1), outlines f actors influencing that function (II.D.2), lists criteria
ased by the Department for choosing a site (II.D.3), outlines applicable
investigative methods for characterizing the natural system (II.D.4), and sum-
marizes the status of knowledge in current repository exploration programs
(II.D.5). Further detailed information regarding current siting activities is
given in Appendix B to this Statement.

The natural system described here and the man-made systems dis-
cussed in Chapter II.E each provide a high degree of assurance that a reposi-
tory will perform its function in a manner that is safe ~ and environmentally
acceptable (Objectives 2 and 4 in II.A.1). Together, they comprise a total
system of multiple independent barriers that will ensure the capability of a
mined repository to meet the objectives of long-term containment and isolation.

"

II.D.1 Function of Natural Systems

For the purposes ' of- this Statement, the natural system is the
portion of the Earth's crust, including any fluids within it, that will pro-
vide for the containment and isolation of wastes. Natural' systems, independ-
ent of man-made structures, will provide multiple barriers capable of prevent-
ing or retarding the migration of radionuclides from the ' repository to the
biosphere.

The natural system for waste isolation consists of the reposi-
tory host rock, surrounding geologic formations, and the associated hydrologic
environment. It is discussed in the context of a near field and a far field.
The near field provides both containment and isolation for the emplaced waste:

I- containment by minimizing the likelihood that circulating ground water will
-contact the waste package (Objective 1-in II.A.1), and isolation by ensuring

j that' any migration of radionuclides through the near field will be very slow.
! The prime function of the far field is to ensure that, if radionuclides were
i
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released from the near field, ensuing migration to the biosphere would be of
sufficient duration to satisfy Objective 2 set forth in Section II.A.l.
Understanding the far-field natural . system is also important in ensuring the
long-term stability of the mined geologic disposal system.

In sumary, .the natural system must have adequate * containment
and isolation capabilities to. meet the objectives stated in Section II.A.l.
Specific characteristics that determine the capability of the natural system
to perform its function at particular sites are discussed in subsequent
sections.

'

II.D.2 Factors Influencing the Choice of Natural Systems

The selection of the natural system in which to site a reposi-
tory is based on a number of factors related to (i) .the function of the natu-
ral system itself, (ii) the potential for human breaches of the repository,
and (iii) requirements associated with repository construction and operation.
For this discussion, the characteristics of natural systems and the phenomena'

that may affect their performance are grouped into four. broad categories:
geologic, hydrologic, tectonic, and resource factors (Table II-10). There is

some overlap dmong the categories. For example, hydrologic conditions are'
closely related to such geologic characteristics as rock types, rock distribu-
tion, and the geometric configuration of fractures; aise the study of geologic
factors is used to determine tectonic processes and tne presence of potenti-
ally useful minerals. Thus, the separation - of the %tural system into compo-
nents is . discretionary, but it facilitates study and discussion of the multi-

I faceted geologic . environment required for an effective radioactive waste-
repository.

| *The terms " adequate," " sufficient," etc., when used with regard to isolation
potential, refer to a capability to demonstrate by mathematical models that
impacts will not exceed the limits established in regulations to be
promulgated by the Nuclear. Regulatory Commission and the Environmental

'

Protection Agency.

I
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Table II-9. Factors Which May Affect the Natural System

Geologic Factors Tectonic Factors

Stratigraphy Earthquakes
Structure Fault movements ,

Sorption characteristics Epeirogeny, isostacy
Thermal properties Diapirism
Mechanical properties alcanism

s .ntrusion
Erosional incision

Hydrologic Factors Resource Factors

Hydraulic gradient Meta;11c ores
Hydraulic conductivity Nonmetallic ores
Porosity, permeability Hydrocarbons
Ground water residence time Average crustal concentrations
Dissolution Geothermal sources
Climatic fluctuations Unique subsurface land uses
Flooding

II.D.2.1 Geologic Factors.

The geologic factors important to the performance of a reposi-
tory include (1) the stratigraphic distribution and structure of rocks; (ii)
the mineralogy of rocks and its relation to the rocks' capacity for radionu-
clide sorption and (iii) the thermal and mechanical properties relative to
natural and repository-induced stress states.

The capacity for sorption and the the mal-mechanical properties
of local rock masses are discussed as geologic factors because they .are pri-
marily attributes of the rock itself. Hydrologic, tectonic,'and resource fac-
tors, though closely related to stratigraphic and structural conditions, are {
discussed later. It is important to note, however, that all components of the !
natural system depend on the distribution and condition of the various rock
types within the vicinity of the site.

,
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II.D.2.1.1 Stratigraphic and Structural Characteristics

A variety of rock types may occur at a particular site, only
one of which'needs to be at an appropriate depth and of a suitable composition

for hosting a repository. Surrounding rock types may also possess attributes
,

that enhance the potential for waste isolation; for example, the clays, silt-
stones and shales that comonly surround salt ' domes, layered salt beds, and

granitic masses can be highly impermeable to water. The distribution and '
character of the components of this multimedia rock system, including its
structure, determine the containment and isolation potential 'of the natural
setting.

The rock types currently under consideration as host media for
a repository are salt, granite, shale, tuff, and basalt. Decades of geologic

exploration in the United States have shown that there are many places where
potential host rock units of adequate volume exist at appropriate depths
(131-133). Several investigations sponsored by the Department and other
organizations have confirmed this fact (134-142). Surveys of existing infor-
mation have identified sedimentary basins where massive salt deposits are
present'300 to 1,000 m below the surface (134-137). Similar studies have con-
firmed the existence of shale and tuff masses with the required dimensions and

depth (138, 139). Extensive masses of granitic rocks throughout the United
States are also suitable for additional study (140-142). .The existence of
potentially suitable rock bodies of sufficient dimensions and depth for devel-
oping a repository is therefore not an issue. Virtually every State contains
a sufficient quantity of. one or more of the candidate rock types (131-133).
The remaining stratigraphic and structural issues concern the identification

| of specific sites having suitable combinations of local geologic and hydro-

f logic conditions for waste isolation.
! An understanding of . the character, condition, and geometric

configuration of rocks in the vicinity of a repository is essential for devel-
~

oping predictive models used - to estimate the performance of a repository.
Promising sites are identified by a screening process that evaluates their
geologic settings in terms of. certain criteria (II.D.3). Site identification
(see III.C.1) is followed by detailed stratigraphic and structural mapping,
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| geophysical surveying, and subsurf ace exploration (e.g., drilling) which allow |

the character and configuration of the rocks to be determined in detail. The

| data thus collected are used to assign numerical parameters to rock proper-
I ties. The parameters, in turn, are used in computer models to predict the

site's containment and isolation qualities. In order to construct models that
realistically represent the geologic volumes af interest, it is necessary to
determine the degree of correlation between s igraphic and structural prop-
erties and such physical parameters as permeability, sorption capacity, ther-
mal conductivity, and deformation characteristics.

The potential effects of fractures on the thermal and mechani-
cal responses of the rock, on the rock's capacity for radionuclide sorption,
and on local ground water flow conditions must be evaluated for each site. If

it is found that these effects are sensitive to local variations in fracture
geometry or in situ stress, appropriate subsurface characterization and test-
ing methods may need to be developed at each site before final decisions on
suitability can be made.

II.D.2.1.2 Sorption Characteristics

Sorption as used in this Statement refers to a variety of
chemical processes, including precipitation, ion exchange, surface adsorption,
and solid solution formation, that may affix, temporarily or permanently,
waste radionuclides onto the matrix of the rock mass within or around a
repository. Although the upper limit to the rate of radionuclide transport
will be determined by the velocity of ground water movement, sorption by
minerals along the paths of ground water flow will retard radionuclide migra-
tion, thereby increasing the effective isolation time.

Ground water generally contains low concentrations of the
chemical elements that are constituents of the rocks through <hich the water
flows. During flow, a slow interchange occurs between the chemical species
dissolved in the water and those in the surrounding rocks. Net deposition or
dissolution of specific elements may occur locally, depending on the chemical

.

characteristics of the ground water, the mineral composition of the surround-
ing rocks, the pH, the oxidation-reduction potentials, temperature, pressure, .
etc.

II - 73



The transport of radionuclides by ground water is dependent on
a variety of local factors' including ground water flow rates; the fracture
geometry, porosity, and permeability of the host rock and surrounding geologic
formations; the temperature and pressure gradients in the vicinity of a re-
pository; and specific surface area of rocks and fracture-filling materials
exposed to circulating ground water. All these factors influence the direc-
tion and the rates - at which radionuclides can move through the rock in and
around a repository. Sorption capacity in this Statement can be expressed by
the distribution coefficient K , which is the ratio of the solute (particu-

d
lar radionuclide) retained in the rock to the solute remaining in the solvent
(water) af ter equilibrium is attained (147-149). Sorption capacity can also
be expressed by the retardation factor R , or the ratio of radionuclided
migration rates to ground water flow rates (146).

Sorption properties of rocks are characterized by state-of-the-
art laboratory and in situ techniques. Studies now in progress are measuring
retardation for a variety of radionuclides as a function of temperature, pres-
sure, water flow rate, ground water chemistry, rock type, and mineral composi-

tion (143-149). Data from these measurements are used in computer models to

evaluate the retardation potential of the host rock and ground water system

(see II.F.1). Results indicate that many rock types in diverse settings have
a large capacity for retarding radionuclides (143-149).

It is possible to deduce from mass balance relations that the
total mass of radionuclides contained in a repository could be sorbed by a.

volume of rock existing within a few meters of the emplaced cannisters.
Migration rates of radionuclides in ground water are thus potentially much
slower than the rates of ground water flow. However, the relative rates of

i sorption and desorption; the surface area of rock in contact with circulating
ground water; the effects of fracture geometry, minerals along fractures,
temperature and pressure gradients; and the ' rates and quantitities of local

i ground water flow are issues that must be addressed for each individual site .
! to estimate its capacity for retarding each radionuclide.

|
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II.D.2.1.3- ' Thermal and Mechanical Properties'
:-

I Thermal properties ~ determine the capability of. the host rock to
absorb and dissipate the thermal energy emitted by the radioactive ' waste |

emplaced in the repository. These properties, measured by:v'arious techniques :

(150-151) on rock samples collected at the ' site during' site qualification, are- '

used to evaluate heat transfer and thermal effects in the near field. Param-

eters that determine' the thermal responses : of the rock include rock - density,
the coefficients of thermal; expansion, specific heat and thermal conductivity.'
Heat flow in the vicinity of the repository can alter pre-existing mechanical
and chemical equilibria. Stret,s resulting from thermal expansion in a con-,

fined medium will caute deformation which, if it becomes sufficiently great ,

could cause fracturing or creep behavior in the host ' rock (152,153). Knowl-
edge of thermal properties is used in the design of a repository (II.E.2), so
that the thermal effects produced by the emplaced wastes will not diminish the
containment and isolation capabilities of the natural system. 'The relation-

,

ship of thermal properties reasured under controlled laboratory conditions to
in situ thermal properties of fractured, perhaps water-bearing, rock masses is
being addressed by current studies in order to improve the capabilities for
thermal modeling at a specific site (II.F.1) (153-159).

Mechanical properties determine the deformation induced in the
host rock by both the construction of the repository and the emplacement of .
heat-generating waste. During site' qualification, these properties are meas-
ured by various techniques on rock specimens from the site (151-160). . The-
parameters that characterize deformation are Young's.modulu's, Poisson's ratio,

_

and the coefficient of thermal. expansion. Other parameters govern the
strength of the rock (resistance.to nonelastic deformation); they include' co -
hesion, compressive strength,: and tensile strength._ Salt" and shale: exhibit . -

creep deformation. and thus have the ability-to deform in ;such a way that.-they' ;

can continually seal' potential pathways for ground Lwater; flow -(152,.161 f b-

162). For ' these i media . the. creep rate :must be : determined as ' a function" of E-

stress and temperature.. ALmore_ rigid medium'like granite provides more; stable
mine_ openings . and makes- tunnels. and pillars :more resistant to ; failure from'i

{ thermally 2 induced. stresses _(153,163, |164).:
,
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Rock failure may not have adverse effects on radionuclide con-
tainment and isolation. Specific effects will be determined at each site by
comparing the stresses and deformations induced in both fractured and porous
media and assessing their impacts on the hydrologic system. The methodology

for limiting the impact of repository-induced effects on surrounding rocks by
controlling repository design variables are discussed in Section II.E.2.

II.D.2.2 Hydrologic Factors i
l
i

Knowledge of ground water hydrology is perhaps the most impor-
tant requirement for understanding the long-tera behavior of a mined geologic
repository. The transport of radionuclides away from the waste-emplacement
zone by moving ground water is by far the most likely mechanism by which
radionuclides might migrate from a repository to the biosphere. Understanding
the hydrology is fundamental to attempting to predict the directions and rates
of radionuclide movement and the locations and concentrations of specific

radionuclides at a given time. The pertinent characteristics of ground water
systems include the following:

1. Locations and dimensions of water-bearing strata.
4

2. Existence of aquifers and aquitards.

3. Hydraulic gradient, the driving force for ground
water flow.

4. Porosity, permeability *, and transmissivity of
the rock mass surrounding a repository.

5. Rates and locations at which the ground water

j system is discharged and recharged.

i

; * Permeability is sometimes used in the discussion as a synonym for hydraulic
conductivity, although the dimensional distinction is recognized.

'

1
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6. 1.ength and direction of potential flow paths
(natural or man-induced) from .a repository to the
biosphere.

7. Travel time from a repository to the biosphere
for individual radionuclides.

8. Ground water ages in the vicinity of a repository.

9. Ground water chemistry and its relation to waste
rock interactions.

10. Postulated effects of future climates on ground
water conditions as deduced from paleoclimatology.

Evaluations of numerous ground water flow systems indicate that
hydrologic conditions providing the desired travel times are present in many
areas within the United States (165-167) (see also II.D.5). The principal
hydrologic issue in repository siting is the confirmation that ground water
systems at specific sites are capable of providing the required isolation.
Most ground water calculations rely on the assumption .that isotropic inter-
granular flow rather than anisotropic fracture flow is operative (165,168).
The effects of fracture systems on flow conditions at individual sites must
therefore be assessed in relation to the :ontainment and isolation capabili-
ties of the site. Many fractures at depth are commonly believed to be tightly
closed because of the stress exerted by the overburden (160); therefore nat-
ural rock stress is also of interest for hydrologic studies.

Because surf ace water provides a potential link between ground'

water and people, the location and characteristics of surface and near-surface
water bodies into which the ground water discharges need .to be determined at
individual sites. Surface water must also be evaluated as a potential source
of flooding during repository operation. Available study methods _(169, 170)

~

make it possible to identify places that have not flooded for long periods of
time and are therefore not deemed likely to be flooded while a repository is'

in operation.
Potential climatic changes over periods on the order of 10,000

years can alter the hydrologic cycle (171), thus influencing surface water and
. ground water characteristics (172). The effe-ts of potential climatic changes
will be analyzed for specific sites.
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In some geologic settings (e.g., evaporite formations), the
,

capacity of ground water to dissolve the host rock must be assessed. Dissolu- |;

i- tion rates have been measured in some locations considered potentially suit- -

.

| able for a repository. These measured dissolution rates are not sufficient to
,

j affect long-term containment or isolation (see Appendix B).

| II.D.2.3 Tectonic Factors

: Tectonic processes could affect existing natural containment
and isolation systems by inducing regional or local deformations in the <

,

| Earth's crust. Potentially disruptive changes might result from faulting, '

seismic activity, igneous activity, uplift, subsidence, and alterations in
natural stress states.. To limit the potential for disruption, repositories
will be sited so as to ensure low hazards associated with tectonic activity.

,
Hazards are estimated for each site by analyzing the likelihood and the con-

'' '

sequences of a range of tectonic events.
! A basic seismic issue in - repository siting is - the safety of

! personnel during the operation of the facility. Accordingly, the primary con- 1
'

j cern is not about long-term radiological effects but about proper mine and
j surf ace f acility designs that minimize hazards from structural failures should- ,

j an earthquake occur. Available information ' suggests that vibratory motion ,

!

! from earthquakes is lower at repository depths than at the Ear,th's surface
; (173-176), indicating that surface structures are more likely to be disturbed

' by earthquakes than the underground repository itself. Many mines currently
operate in high seismic. risk zones and are even developed directly along
potentially active fault zones (177-180)'

Af ter. the " repository has been closed and' sealed, the effects of~

ground motion on the natural containment - and isolation system _ are expected to
be minimal. All -natural. sett'ings are already adjus'ted to the seismic environ-| _

ment, having ' attained adjustment over geologic time, during which many earth-. :

'

; - quakes of all expectable magnitudes for- the region:have occurred. . The'poten--
'

tial effects . of; natural . ground motion on . the artificial, ' thermally stressed-

[ 'near field will .be mi_tigated by. appropriate conservative design -features Lin
~

-

| the'. repository ~ relative to expected mechanical behavior regardless of natural

!:

L ,
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ground motion. The effects of fault zones on the hydrologic system are not
seismic concerns; they will be addressed for each site as existing structural
features of the hydrologic and geologic systems.

The hazards of igneous activity also must be evaluated for

potential sites. However, they are not an issue of concern in most of the

conterminous United States, even over extended periods of time (181). In

areas known to contain centers of Quaternary igneous activity, work is under
way to evaluate the hazards associated with its- potential recurrence

| (182-184). Given the vast areas of the country not likely to experience

igneous activity, including locally inactive areas in broader, generally
active regions, it 'is feasible and prudent to select repository sites that j

have extremely low hazards'from igneous activity. |
'Broad uplift and subsidence of the Earth's crust (epeirogeny)

are tectonic phenomena that must also be evaluated generally in terms of their
potential effects on erosion. Denudation, or the regional lowering of the
land's surface by erosion, is not a threat to waste containment or isolation |

in a deep repository. With the exception of rugged mountainous terrain, maxi-
mum denudation rates are only millimeters per century (185), and are incapable j
of breaching a repository that is 500 to 1,000 meters deep during the time |
period of concern. The rate of concentrated erosional incision along rivers
may approach a rate of a few millimeters per year (180), but such high rates
require concurrent tectonic uplif t. Lateral erosion can strip hundreds of
meters of rock from the surface at rates approaching a centimeter per year
(186-187), again only if tectonic processes are active. The ' potential for
vertical incision and lateral erosion will be evaluated for each site to
ensure that threatening rates will not be~ possible at repository locations.
In regions where these rates can occur, ~ the distance to a repository from -
major rivers and steep scarps will be sufficient to preclude a breaching of
the system by erosion.

II.D.2.4 Resource Factors

Natural resources occur wherever natural minerals, energy

resources, or water-bearing units are sufficiently concentrated for ~ commercial
exploitation. Current resource grades are basef en demand and the technical

,

_
II - 79



feasibility of extraction. In regard to repository siting, there are two con-
cerns about natural resources:

1. The presence and long-term performance require-
ments of the repository should not preclude the
extraction of significant quantities of economi-
cally useful mineral deposits or energy resources
now or in the future.

2. The concentrations of any minerals or energy
resources should be sufficiently low to minimize
the chance that future generations might inadver-
tently breach the repository system through
exploratory drilling, mining, etc.

These concerns are addressed by evaluating .the geochemical characteristics of
potential sites to determine whether unacceptable concentrations of metals,
nonmetallic minerals, hydrocarbons, geothermal energy,. potable water, or other
potential resources e .ist in the vicinity of the site. Unique properties of
the subsurface that allow the storage of materials other than radioactive

wastes may also be considered a natural resource. If inadvertent breaching
does occur, the system must be adequate to satisfy Objectives 1 and 2 (II.A).

II.D.3 Requirements for Natural Systems

The preceding discussion has outlined the factors. of the

natural system that must be considered and integrated during site selection
and evaluation. This section presents the requirements for natural systems
that are applied during the repository siting program (see III.C).

The followino requirements are summarized from the "NWTS Cri-
teria for the Geologic Disposal of Nuclear Wastes" (188), which are presently
being circulated for review and coment. These requirements are be%g used by
the Department to guide its research and development activities until such
time as formal licensing criteria are adopted by the Nuclear Regulatory Com-
mission and the Environmental Protection Agency. The purpose of the Depart-

_

ment's requirements is to ensure that the factors necessary for adequate per-
formance c' the natural system are considered and evaluated during the site
selection und evaluation . process. - Other organizations (189-192)_ have proposed

1
'
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similar criteria that are genecally consistent with those listed below. More

quantitative criteria will be developed for each study' location to guide site-
specific decisions on suitability. (See also II.A.)

1. The repository site shall be located in a geo-
'

logic environment with geometry adequate for
repository placement.

a. The minimum depth of the repository horizon
should be such that credible natural proc-
esses acting at the surface will not unaccept-
ably affect repository performance.

I b. The thickness of host rock units at the
repository horizon should be sufficient to
accommodate repository workings and to ensure
that impacts induced by repository construc-
tion or waste emplacement will not unaccept-
ably affect repository performance.

c. The lateral extent of host rock units at the
repository horizon should be sufficient to
accommodate repository workings and to ensure
that impacts induced by repository construc-
tion or waste emplacement will not unaccept-
ably affect repository performance.

2. The repository site shall have geologic charac-
teristics compatible with waste isolation.

a. The repository site should have a strati-
graphic setting that can be sufficiently
defined to permit modeling of the repository -|
system. I

i

b. The repository site should . include host rock '

units that can be shown to be compatible with
the anticipated chemical, thermal,. and radia-
tion stresses involved in waste / rock interac- )
tions.

c. The repository site should be so located that
the development of disposal areas can be
accomplished without undue hazard to reposi-

|tory personnel. I
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~ 3._ ;The repository site shall - have subsurface hydro-4

; -logic and geochemical characteristics compatible .
with waste isolation.

h
~

The repository-' site should 'have' a hydrologica.
i: and geochemical . regime that will prevent

..

radionuclides from leaving the ~ repository -and - i
.

. being transported to the biospherenin . amounts-1

i; -
-or levels ~ above- the regulatory. limits that
will be established .for the protection of
public health and safety.

-b. The repository site should have a hydrologic.

regime -that will' allow the construction of. <

repository shafts and .the ~ maintenance of 4

shaft liners and seals by state-of-the-art - i
,

means.
; ,

;

c. The repository site should be.so located-that
subsurface rock dissolution, occurring or-

.

likely .to occur, - can be' shown to have no
unacceptable impact on repository performance.

- 4. .The re)ository - site shall be 'so located that the
surfic'al hydrologic ~ system, both during antici-'

iz pated climatic cycles and during extreme natural
I phenomena, will not cause -unacceptable adverse

impact on repository performance.

a. The repository shall._ be :so located that
nearby surface ~ water ' bodies, embayments,
streams, flood' plains,:| runoff, or drainage

' under present D or future' climate conditions-

can be shown .to have no| unacceptable impact-

; on repository performance.

5. The repository ~ site shall be so located that-
L credible-tectonic events can be shown to cause no

unacceptable reduction in repository performance.

a.1 The: ground motion-. induced by -the maximumc
.

credible earthquake. should Enot Lunacceptably
affect repository-performance.

,

.
b.- The? geologic-. characterization 5 of C the- site

' 'should ' search. -foraQuaternary faults; ;if any;
Quaternary .f aults ware ' identified, they 'must'=

i. be.4 shown Jto - have no - unacceptable impacte on.
repository performance..

*
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c. The geologic characterization of the site
should search for centers of Quaternary igne-
ous activity; if any such centers are identi-
fied, they must be shown to have no unaccept-
able impact on repository performance.

d. Long-term continuing uplift or subsidence
rates must be shown to have no unacceptable
impact on repository performance.

6. The repository site shall be so located that
likelihood or consec uences of past or future
human intrusion wi' l cause no unacceptable
adverse impact on repository performance,

a. The repository site shall- be so located that
future intrusion due to the presence of
economically exploitable resources would not*

cause an unacceptable impact on repository
performance.

b. The repository site shall be so located that
the resource exploration history of the site
can be defined and can be shown to have no
unacceptable impact on repository performance.

The preceding requirements are primarily concerned with the
characteristics of the hydrogeologic system. In choosing a site for a reposi-
tory, there are other concerns about the suitability of the area. These are

sumarized below:

1. The repository site and its surrounding area
shall possess surf ace characteristics that are
compatible with waste disposal.

2. The repository site shall have characteristics
that tend to minimize the risk to the popula-
tion from potential radiation exposure.

3. The repository' site'shall be located with due
consideration to potential environmental
impacts, present land-use conflicts, and ambi-
ent environmental conditions.

4. The repository shall be sited with considera-
tion to the social, political, and economic
impacts on comunities affected by the reposi-
tory.
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II.D.4 Investigative Methods

This section reviews the investigative methods for evaluating
natural systems in terms of the factors to be considered and requirements for
siting discussed in Sections II.D.2 and 1I.0.3. The status of knowledge
obtained by the applied use of the various investigative techniques by current
exploratory programs is described in Section II.D.1 (see Chapters II.E and
II.F regarding the use of information about natural systems in design and per-
formance analyses, respectively). Table II-10 suggests how the various inves-
tigative methods may be integrated into an exploration program; it also indi-
cates the screening phase at which the various methods may be used. The

information flow by which the data about the natural system are compiled,
interpreted, and evaluated in terms of repository performance is shown in
Figure II-11.

II.D.4.1 Geologic Studies

i

Geologic studies include literature surveys, field mapping,
analyses of subsurface data, and laboratory analyses of drill-core and other
rock samples. Available maps and reports, as well as remote-sensing imagery
and geophysical data for a particular region are reviewed for information on
rock types, thicknesses, depths, geometric configurations, rock properties,
geologic structures, seismicity, tectonic history, and mineral resources.

General geologic conditions in the United States are well known
and have been extensively oescribed (131-133). Geologic data have been col-
lected and analyzed from the time of early expeditions--for example, the
1870's expeditions of the U.S. Geological Survey and early State Geological
Surveys (193-198). Exploration for mineral resources--notably oil, gas, coal,
and metals--by private industry - provides much additional information about
sub-surface geologic _ conditions, in many instances -to depths approaching
10,000 m (199). The construction of nuclear reactors, which must meet string-
ent licensing requirements, has resulted in detailed geologic evaluations 'of
areas in the Eastern, Midwestern, and Far Western United States (200-202).
Moreover, various universities have developed as centers of detailed ceclogic

| 'information on specific subjects.
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Table II-10. Integration and Phasing of Investigative Methods
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The accumulated knowledge is sufficient to identify i.reas in
the United States that meet many of the requirements (II.D.3) for radioactive-
waste repositories. In addition, the previous geological work has resulted in
the evolution of a broad suite of investigative techniques that, when selec-
tively used in conjunction, allow highly accurate characterization of the geo-
logic setting of any chosen area. The knowledge that must still be gathered
pertains to site-specific factors, and the techniques for gathering it are

presently available (203, 204). This section describes some of the various
techniques being used by ongoing repository exploration programs (II.D.5) to
obtain the needed data.

1

; As exploration efforts focus on a site, field mapping is under-
taken to compile or augment available maps of stratigraphic, si;ructural, geo-

! morphic, and tectonic features. Although field mapping is conductea according
to highly individual techniques, a standard practice is to record field obser-
vations and supporting data on aerial photographs and/or topographic base maps

(205). Data provided by remote sensing, geophysical surveys, subsurf ace bor-
ings, and sample analyses are an integral part of the information set on which
the geologist draws. In a subjective r eocess, geologic information is

analyzed in terms of multiple working hypotheses until it yields a " picture"
of the relationships among all the geologic variables (185,195, 206). Based

on the geographic density of the data collection points, reasonable bounds can
be established for interpretations of geologic conditions. As more data
become available, the " picture" comes into ever sharper focus. Continuous

peer review is essential; it serves not .only to evaluate conclusions but also,

and perhaps more importantly, to guide the geologist responsible for deter-
mining the character and the condition of unseen rocks.

The geologic characterization of a site is approached by a l

series of approximations. Drilling is important for testing previous approxi-
mations and supplying additional data for subsequent refined hypotheses.
Borehole cuttings and cores allow direct observation of materials from select-

|

ed sampling points below the surface of the ground. Holes are drilled in

locations determined as having the greatest potential for resolving uncertain-
ties. A few appropriately located holes can yield sufficient subsurface data
to allow an accurate interpretation of the three-dime;isional nature of rock |
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conditions throughout an area on the order of tens of square kilometers. The

holes are cored, logged, and tested as appropriate. '

Cores are supplied for laboratory analyses of such physical
,

properties as mineral composition, chemical characteristics, porosity, and ]
thermal-mechanical properties. Selected core and field samples are dated by
isotopic methods (207, 208) to help determine the history of geologic proc-
esses, including fault ruptures, volcanic eruptions, and diapirism.

If required, seismic monitoring nets are deployed around poten-
tial sites to provide data for assessing ground-motion hazards. These data
may be supplemented by geologic and geomorphic mapping to provide a determi-
nistic basis for the analysis of seismic hazards. The mapping of stream
gradients, terraces, hillslope gradients, and drainage patterns also supplies
data for estimating uplift, subsidence, the effects of climatic changes, and
tectonic history.

Fracture analysis of surface outcrops and drill cores is per-

formed to help estimate the likely density and geometry of fracture systems at
the depths of interest. Such systems can only be statistically sampled, and
rosette diagrams are comonly used to show the orientation of fractures

(160). Histograms of the number of fractures as a function of depth are a
neans for showing frequency, density, and condition of fractures (209, 210).
Because not all fractures are capable of transmitting fluids in significant
amounts (211-214), apertures and secondary filling minerals are sampled, anal-
yzed, and perhaps dated to characterize fluid migration capabilities -and
history.

In general, geologic studies are the mechanism by which all
available data about the subsurface environment are synthesized and coordi-
nated to assess whether the stratigraphic and structural settings of a pro-
posed site are suitable for a waste . repository. Remote sensing and geo-
physical studies, discussed next, are conducted primarily to support this
activity. Geologic interpretations are the basis for defining models by which
the hydrologic, geologic, geochemical, thermal, and mechanical characteristics
of a repository are assessed (see Figure II-11).

!

'
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II.D.4.2 Airborne Remote Sensing

Airborne remote sensing is performed by various techniques,
ranging from aerial photography to satellite imagery, that all result in a
directly created or a computer-generated image of a particular geographic area
of the earth's surface. It is used at all phases of the siting program but is
particularly valuable in the early regional studies because it yields large
amounts of reconnaissance data in short periods of time (215). Regardless of
the size of the region being investigated, remote sensing, in conjunction with

| field reconnaissance for checking interpretations, is an excellent tool for
establishing, compiling, and mapping a data base for the natural setting.
Remote sensing imagery for many regions is available and can be readily
obtained.

Aerial photography is the most widely used form of remote

sensing imagery and is used for compiling topographic maps and for construct-
ing detailed thematic site maps (216, 217). It uniquely reveals many surfi-

cial geologic features and is comonly used to identify and map landforms,
rock types, unconsolidated surficial deposits and soils, geologic structures,
and surf ace drainage patterns. Specifically, it may indicate the orientation

of stratified rocks; the type of surface rocks; contacts between different
rock types; the locations of igneous intrusives, salt domes, structural domes,
arches, and other folds; the location and orientation of faults, fractures, or
joint systems; and karst terr in (e.g., cave systems), breccia pipes, and
other surface manifestations of dissolution. Surface water bodies, vegetation
assemblages, and man-made features such as petroleum or water well fields,
irrigation facilities, and archaeological sites are visible on many aerial
photographs. '

Color infrared photography is especially useful for differenti-
!ating many features related to subtle differences in soils, moisture content,

small-scale topography, and rock type (218). Thermal and color infrared
photography can indicate the presence of near-surface cavities or linear open-
ings, which influence the amount of moisture at or near the surface (219).
Infrared imagery is also_used t'o detect such geothermal features as hot
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springs which Jmay indicate ' potential volcanic _ activity. (220). Mineralized_

zones with economic potential may sometimes be discerned 'from remote sensing
i imagery (221).

Computer _ processing of airborne or satellite spectral. data-.

- allows rapid classification .of vegetation. patterns and certain gen %c _ fea-
i- tures (222, 223). Analysis of spectral imagery obtained at' th.: same place at
! different times exploits the fact that annual and diurnal heating and cooling
I and seasonal changes . in vegetation cause temporal differrnces between rock

surfaces which can be resolved by_ spectral scanners _(224, 225). ,

Where the Earth's surface is largely obscured by persistent
j cloud cover, side-looking airborne radar imagery (SLAR) can give a reasonable
I representation of surface features (226).

II.D.4.3 Geophysical Surveys
1

;

I

.

Geophysical surveys _are an integral part of site selection and
characterization studies. Many of the geophysical techniques utilized by the,

petroleum and mineral industries have been applied to the search for geologic
,

reposituries. The broad categories of exploration geophysics summarized in
'

this subsection are gravity, magnetic, electrical, and seismic _ methods. In

addition, well logging and borehole geophysics will be discussed.
.

.

Geophysical methods can be broadly . divided into passive tech-
,! niques, which measure . existing earth fields, and active techniques, which

measure the earth's response to an applied stimulus. Gravity, magnetic, and -
,

; some electrical surveys' are passive methods; seismic reflection and electrical .
resistivity are examples of active- techniques. Passive exploration - methods

|-
are particularly applicable to reconnaissance exploration because they" cover-
large areas fairly rapidly and cost less than active techniques.-

, .

Both gravity and magnetic; techniques have similar| mathematical
foundations in potential field theory but measure different physical' prop-

'

erties of the earth ' and use different field methods._ ; Gravity surveys detect:
small variations ,.in the Earth's gravity field (227). The variations of.pr_in-

,

cipal interest to repository: siting result: from lateral variations Lin subsur-
L face rock density. -These density variations- may result from deformed : strata,

. -
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L faults, igneous intrusives, diapirs, breccia . pipes, or lithologic changes.
Topography, elev'ation, geographic position . on the earth, and earth tides also
affect gravity values and .must be accointed for in determining the portion
(anomaly) of the gravity measurement that is due to subsurface effects. The.

maximum practical precision for field gravity measurements is about 0.01 mil-
ligal, or approximately 10-8 of the earth's total field. This precision

i

p requires that the elevation be determined to an accuracy of about 5 cm at each
i gravity station. Aerial gravity surveys have a much lower precision (approxi-

mately 5 milligals) and are useful .only in delineating gross crustal structure
(228).

'

| Magnetic methods detect variations in the Earth's - magnetic

| . field (227). Magnetic field values vary with the geodetic location and may
vary at a given location .with time. The magnetic variations (anomalies) of
interest to site studies are due to lateral changes in mineral content-(espe-

| cially magnetite) or to variations _ in the remnant magnetism of igneous rocks.
Subsurface structures like anticlines or faults, can be. detected if they

j result in lateral changes of the above properties (229). Measurements can be
' obtained in terms of the total magnetic intensity, vertical gradients, or

oriented (horizontal and vertical) components of total intensity. The practi-
cal precision for state-of-the-art aeromagnetic surveys is about 0.1 gauss, or
10-6 of the Earth's field. Magnetic surveys are most commonly made from

i low-flying aircraft, although surveys of limited extent over s' elected targets

| of interest can be made at the ground.
Both gravity and magnetics inherently yield nonunique interpre-

| tations. However, limits 'on the allowable interpretations -are usually pro-

[ . vided by measured rock densities, magnetic susceptibilities,. general depth to
the causative structures, or seismic profiles from the area 'of tha survey.

.

| When sufficient ancillary data are available, interpretations of. grav;ty and -
} magnetic surveys . can provide valuable information about regional and 'ocal'
i subsurface geology. As a generalization, features can be interpreted if They

have dimensions of.1% to 10% of th ir depth of burial (230).

f A variety of electrical methods (227, 231)_ is used in geophysi-
4 - cal . exploration; all depend upon : detecting variations in.- the electrical re-

sistivity of the media through which a current flows. Subsurface resistivity;

i

!

:
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is highly variable and strongly influenced by the amount and the nature of
fluids in the rocks. For this reason, such hydrologic features as dissolution
of salt, ground water tables, and porosity variations are particularly amen-
able to electrical prospecting methods. Geologic structures also can be

|
indirectly detected by their effect on ground water.

Electrical resistivity surveys are conducted by generating a
current in the ground between two electrodes and then using two other elec-,

trodes to measure the distribution 'of potentials (voltages). Different elec-
trode configurations and spacings are used to detect lateral and vertical
changes in resistivity for selected target depths. The measured variations
are analyzed to establish probable cause. Induced polarization techniques
measure the buildup or decay of induced voltages when the' current is cycled
on-off or alternated. Electromagnetic methods measure the electromagnetic
field resulting from currents induced by an externally applied electromagnetic
field. Electromagnetic surveys can be conducted from low-flying aircraf t as
well as on the ground and are therefore sometimes used in reconnaissance sur-
veys. The Earth also exhibits spontaneous or natural voltages that can be
measured and interpreted to investigate subsurface conditions and structure.
These voltage variations may result from differences in fluid properties, the
flow of ground water, mineralization, and chemical interactions. Telluric
currents are sometimes used to investigate large-scale crustal features and
lithologic variations.

Seismic exploration methods are perhaps the most useful geo-
physical tools for obtaining accurate representations of the subsurface
geology at individual sites (227, 232, 233). They rely on the reflection or

refraction of seismic (acoustic) signals due to contrasts in velocity' or
acoustic impedance (the product of seismic velocity ~and ro'ck densi ty)'.

; Acoustic signals are usually introduced into the earth by explosive' sources,
and vibrating or impacting masses. Seismic reflection surveys are particu-
larly useful in mapping the attitude and continuity (or lack thereof) of sub-
surface rock beds. Detailed analyses of seismic reflection-data have detected
lateral variations in acoustic properties within individual beds and indirect-
ly inferred the presence or.the absence of hydrocarbons. Such field parameters
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as type, intensity, and frequency of the energy source and geophone spacing
and filtering as well as data reduction methods are selected for individual
surveys based on .the depths, dimensions, and local conditions of the features
of interest. In the petroleum industry, these parameters are often defined to
provide information from depths of more than 1,000 meters (233). Special

field parameters and techniques (high-resolution seismic) are available to
explore accurately the shallower depths of interest for repositories. Seismic
refraction is used less extensively than reflection, but it has application in
evaluating near-surface features and crustal structure, as well as in estab-
lishing velocity profiles as a function of depth to aid in the design of local
reflection surveys.

Geophysical logs in well bores are a powerful tool for corre-
,

lating and interpreting subsurf ace geologic conditions, including the condi-
tion and fluid content of subsurface rocks (227). They supplement cores and
rock samples and furnish a vertically continuous record of certain physical
properties for each borehole. Many types of logs are used. Focused resistiv-
ity logs provide a reliable measure of in situ rock and fluid characteris-

tics. Microresistivity logs measure the properties of small volumes of rock
just behind the borehole wall and thus permit the boundaries of permeable and/
or electrically resistive formations to be sharply defined. Gammi-ray logs
indicate the clay content of various formations and are valuable in making
lithologic interpretations in clastic rock sequences. Neutron logs ure useful
for identifying porous rock strata and rock densities. These logs . respond
mainly to the hydregen content of the formation and indicate the presence of
water, oil, or hydrogen-bearing minerals. Acoustic logs measure the velocity !

|of sound and can also help determine the porosity of a formation. Other log-
ging methods are available to supplement those listed above.

Improved borehole geophysics surveying methods are currently
being developed whereby electrical, ultrasonic, or radar energy is generated
by a downhole instrument, and the response is observed either at the surface
or at depth in .a nearby hole (234, 235). Preliminary results for special
cases demonstrate a capability to resolve features measured in centimeters at

distances of hundreds of meters and features measured in meters at distances.
of kilometers (230). Small features that perturb the movement of energy

i
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through the rock mass are identified by comparing the observed response to
that expected if no perturbations were present. These methods have potential

for improving the capability to resolve small features in the vicinity -of a

drill hole.

In summary, a wide variety of geophysical techniques is avail-
able for site selection and characterization. The selection and application
of appropriate techniques depend on the geologic setting and the particular
geologic problem being addressed. Interpretations of the resulting data are

often difficult and are best made in conjunction with other geophysical sur -
veys. Geophysical data must always be evaluated in light of existing geologic
knowledge. However, geophysical surveys are a well established part of ex-
pioration prospecting, and proper evaluation can provide extensive information
about subsurface geologic conditions. Such surveys are especially valuable in
repository investigations because they permit investigation of subsurface con-
ditions without extensive drilling.

I

II.D.4.4 Hydrologic Studies

The role of hydrologic studies in site exploration can be

separated into three overlapping areas: (i) two-dimensional characterization
of the surface and ground water systems for the region or hydrologic basin in
which the site is located, (ii) three-dimensional characterization of ground
water conditions at candidate sites, and (iii) computer analysis of the poten-
tial effects of the repository, the climate, .or other perturbations on the

ground water system.

It is necessary to determine whether ground water in the region
of a site is static or flowing. If it is flowing, the direction and rate need
to be determined. Ground water flows along a hydraulic gradient from regions
of high to low hydraulic head (236). The flow rate generally can be deter-
mined provided the hydraulic gradient, effective porosity, and permeability
can be measured at appropriate locations in the area of interest.

For unconfined ground water, the. hydraulic gradient can be
determined by mapping the distribution of hydraulic' head (the potentiometric
surface) as indicated by static water levels in wells and the elevation of

I

$
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perennial surface water bodies. In confined aquifers, the potentiometric sur-
face must be determined by isolating aquifer intervals in wells and measuring
either the hydrostatic pressure or the level .to which water rises naturally
(237,238). Of ten, but not always, the unconfined static water table gives a
reasonable approximation of the potentiometric surface of underlying aquifers.

Permeability, effective porosity, and rock compressibility can
be determined by pump or injection tests in wells .! the depth intervals of

interest. Hydraulic properties are routinely measured for laboratory speci-
mens of core or other rock samples obtained from the site (239). Using ap-
propriately spaced wells, hydraulic communication between them can be estab-
lished during pump or injection tests (236) to provide reliable calculations
of in situ ground water velocities. If such tracers as tritium or fluorescent
dyes are injected into upgradient wells, the timed appearance of the tracers
in downgradient wells can be used to determine effective porosity and thus in
situ velocities. Artificial gradients are usually established by pumping to
draw water levels down or injecting water under pressure because natural
ground water velocities are so low in many instances that the migration of a
tracer to an observation well would require a prohibitively long time (as long
as a year or core).

The isotopic dating of ground water (240-244) provides an
alternative reference for evaluating calculated velocities. Water can be
sampled for dating from selected discharge point: and well locations through-
out the ground water basin considered likely to be influenced by a reposi-
tory. Differences in water ages among sampling points are used to calculate
natural velocities. Careful analysis of these dates, with due consideration
of the " age contamination" that can result from the mixing of waters of dif-
ferent ages (244), allows a general assessment of ground water residence times I

throughout a basin.

The identification and analysis of hydrologic conditions in
nearly impermeable rocks is necessary to establish the degree of impermeabil-

_

ity possessed by the host rock unit (245). Pulse injection tests aid in

determining permeability in low-permeability rocks (246). Moreover, pressure
decay curves for gases pressurized at selected borehole intervals can be used
to calculate the permeability of the very tight rocks expected at repository
horizons. Although present measurement techniques for hydraulic conductivity
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in nearly impermeable rocks may be in error by up to a few orders of magnitude
(244), even the higher, most conservative -values indicate that water moves
extremely slowly in these rocks. Site-specific in situ testing may be - re-
quired to narrow the bounds for estimates of in situ host rock permeabilities.

For rocks that possess a natural fracture system (e.g., gran-
ite, basalts, some shales, limestones, sandstones) the determination of near-
field flow mechanisms is also evolving. Because fracture networks are not
random, their nature and orientation within the system will be statistically
determined. Methods designed to assess fracture effects on hydrologic flow
are currently being developed at the Nevada Test Site (247), the Stripa mine
in Sweden (212), and the Los Medanos site in New Mexico (248). The direct-

determination of hydrologic parameters in fracture networks includes conven-
tional pump testing with multiple-point piezometers, tracer studies, and

radioactive flow meter tests performed in wells or subsurface facilities con-
,

structed at the repository site or in rock bodies that provide a close analog
of site conditions. Information about potential natural ground water communi-

cation between aquifers via faults, fracture systems, breccia pipes, and other
structural elements that may influence the hydrology of the site is also eval-
uated by field studies and hydraulic tests.

Water influx at mines in crystalline rocks is a well-known
phenomenon. However, where permeabilities are very low, mine ventilation com-

monly evaporates and removes most, if not all, of this water (212). Thus, the

mines are usually " dry,'' although a small amount af water may continually flow-

into them. By sealing a room with airtight bulkheads and circulating control-
led quantities of warm air, the amount of seepage water can be determined by
measuring the humidity and mass of the circulating air. Data on fluid gradi-
ents around the sealed off chamber permit calculations of nearby rock perme-

abilities. Such an experiment, believed to be the first ever conducted, is
being performed at the Stripa mine in Sweden (212, 249). (See also II.F.2.2.)

! Data from hydrologic testing are combined with geologic inter-
pretations- of a site and its region to analyze the hydrologic flow system
(II.F.1) (Figure II-11). A detailed three-dimensional model- of the near-
field, including fracture-flow conditions as required, is then integrated with

~

! thermal-mechanical models to calculate 'the near field disposition of the
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wastes should they escape containment. The near-field models determine the
source terms for regional two-dimensional flow models of a subject hydrologic
basin. These regional models are used to calculate the isolation potential of
the far-field natural system. Retardation mechanisms (e.g., sorption, precip-
itation and diffusion into the rock matrix) and radioactive decay chains for
the radionuclides will be factored into both near and far-field models of the

!
isolation system. Conservative assumptions regarding potential changes in the

l hydrologic system that may be caused by climatic and tectonic changes will be
used to develop scenarios for modifying models of present ground water flow

! conditions and calculating the effects of the assumed changes.
The potential for climatic changes and the attendant effects on

the hydrologic regime at each site are evaluated. Palynology (study of fossil
* spores, pollen, and seeds) provides data concerning the past distribution of

floral assemblages (171, 250, 251). By establishing the present relationship
between climate and vegetation patterns, one can estimate past climates from
the character and distribution of past vegetation. In unconfined ground water
systems, the effects of ancient water tables on minerals may be preserved,
providing a means for determining past water levels. The effects of climatic
changes on the hydrologic system are complex. The hydraulic gradier.t is

dependent on the mass balance between recharge and discharge (236). If

recharge increases--for example, during a pluvial episode--hydraulic gradients
and water levels may or may not change, depending on the ease with which the
flow system can transmit the perturbation to discharge regions.

In summary, hydrologic studies represent the point at which all
data on the natural system are integrated to assess by numerical models the
ability of the natural system to provide the required isolation. Numerous

hydrologic field data and test results are required. The techniques for
obtaining most of them are currently available; others, including improve._ -
techniques for ground water dating, fracture-flow modeling, and permeability
determinations for low permeability rocks, need development (203, 242, 244,
245). Hydrologic models combined with- geochemical studies are used to esti-
mate the likely composition and concentration of any and all radionuclides at |

any given point and time relative to a site's regional aquifer system (see
II.F.2). When applied, they assist in determining whether a mined geologic
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repository at -a par.ticular location ~can provide the required isolation
(II.A.1, Objective 2). d1though the . development of -a detailed, accurate4

hydrologic model for~ each site : will require considerable time, bounding
h assumptions' about hydrologic parameters can be applied during the screening

. process to assess the general quality of hydrologic systems and to -identify
j areas requiring better definition. I
i

:

{ II.D.4.5 Laboratory and Field Testing

i

!-
; The thermal properties of potential host rocks are measured in
i- the laboratory by accepted methods (150, 151). Standard-sized cylindrical
i

j specimens are subjected to 'a controlled : thermal power source at . one end;
*

increasing temperatures and dimensions are measured either along the axes or
along the outside lengths of the specimens. The results are used :to calculate-'

: volumetric' expansion ccn.. . cients and thermal conductivity. The. specific heati

.

of a rock is determined by standard calorimetry (150).
Mechanical properties of potential host rocks are also measured,

j in the. laboratory by standard techniques and apparatus (151); .the results are

i used in preliminary models of the repository's response and to- help determine
which properties require better definition -by field. testing -(158). - The com-'

pressive strengths of potential host rocks are determined in accordance with
well-accepted methods by observing which states of stress and ; temperature

,

; cause fracturing. .Both uniaxial and triaxial compressive tests . are _ used. .
After the critical strength- is determined - tests are: run that gradually

increase stress to -just below -the rupture point and then gradually release the
stress 'to original conditions in ' order to observe whether . permanent deforma-
tion will occur - in slowly ; pulsed stress environments below- the critical

| strength (252). Standard- tests are also performed to. determine thei tensile
strength of- rocks, . although it is .:' generally conceded that 11arge', fractured
rock bodies have~a very-low tensile' strength.-

;

| ~ Rocks' that -- exhibit- significant creep behavior 'within' the ~ tem-
_

! perature ranges expected 'in . radioactive' waste -repositories; are tested in tri .
~

axial testing ! machines .that Jmeasure creep deformation at- various! combinations

of ~ stress : stateland confiningf pressures - (152, 162). . Measurements are imadec
~

.

+

~
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| - over. periods of up to several _ months, and both primary and secondary, if
~

iexhibited, creep-behavior is observed.
.

Synergistic ~ effects = between ' thermal ' and mechanical properties

I are determined for laboratory samples by obtaining, for example, hysteresis
data on mechanical response as a function of rock temperature or_ obtaining
thermal conductivity data as'a function of lithostatic ~ stress. The effects' of
the rock's fluid content on specific heat, critical stress, and thermal con-
ductivity are also being investigated.

In measuring sorption capacity, water doped with radion'uclides
is passed through a rock and the amounts of radionuclides in the rock and the

; water are measured by radiography (scintillation counts) and, if possible,- by-
chemical separation. Transient and batch methods for determining sorption are

| currently being standardized (147). Techniques are' also being developed for
l pinpointing mineralogic and molecular affinities ' for sorbed radionuclides,

allowing a better understanding of the materials ' and mechanisms responsible,

i for the sorption process.
Because questions. arise (211, 244, 253-255) regarding- the

'

validity of using thermal, mechanical, and sorption data obtained at labora-
tory scales (generally measured in centimeters) to predict behavior in a com-

i

plex, heterogeneous, and probably anisotropic environment, the Department has
a research program for conducting field determinations of -thermal, mechanical, '

and chemical behavior under expected repository conditions. Tests performed;

i to date are more fully addressed in Section II.F.1; only the general ' methods
for obtaining data from these tests are discussed here. Data from-field tests
can be a very useful in supporting professional judgments about model results

: in particular and the suitability of repository sites in general.
Field tests, whether near~ the surface', in existing mines, or in

newly constructed ' mined cavities, generally involve single or ' multiple- heat- '

sources, emplaced in drill holes, and measuring instruments in an array sur- j-

rounding the heat source. Heat can'be generated by electric heaters or spent-
fuel assemblies. - Heaters used to. date -have operated at power inputs ranging-

'

from about l'- kW to - 5 kW, simulating , spent : fuel less than - 10 years L 'old
(see II.F.1).,

.

4

4

4
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Instrumentation arrays are designed to monitor heated tempera-
ture, rock deformation, and, in some tests, water content, chemistry, and rock
stress as functions of time and distance from the heat source. If spent fuel

!is used as the heat source, radiation may also be monitored. Temperatures are
measured as a function of time by thermocouples deployed on the surface of the
heater, at the rock wall of the emplacement h61e, and in separate monitoring
holes at various distances from the heat source. Rock deformation from ther-
mal expansion is monitored by extensometers (256-258). These devices measure

slight changes in length, across a distance of meters, by a variety of tech-
niques. As with thermocouple data, extensometer measurements are telemetered

to a computer that provides a three-dimensional representation of rock defor-
mation as a function of time. In addition to the more common linear trans-
ducer and vibrating wire strain meters, laser interferometry (247) is a devel-
oping means for detecting the minute displacements expected in field heater
tests. Precisely surv' eyed :aser sources and reflection mirrors allow inter-
ference patterns from the su rce and reflected light to be observed and

displacements calculated.
,

'

Water content, gas gt.neration, and chemical properties around a
heat source are monitored with humidity gages, pressure gages, pH meters, and
moisture and gas traps (212, 247, 248). Seepage, pressure, humidity, and
chemistry along cracks in the rock or in nearby monitoring holes -are measured
to determine the effects of thermal loading on the fluid system in the rocks.

Natural rock stress is measured in field tests by overcoring

and flat-jack techniques (151, 211). Overcoring allows stress to be calcu-
| lated from comparing shapes of the core before and after stress is released by

removing of the core from the subsurface. Flat-jack techniques utilize a

pressure-sensitive plate inserted into the rock mass to determine the natural,
pretest stresses and to monitor any changes during the propagation of the

i thermal pulse during the test. Natural stress can also be measured by

hydraulic fracturing (259), whereby fluids are injected'into wells under con-
trolled pressure. The pressure at which sudden pressure drops occur .is used
to calculate the minimum principal in situ stress for the depth interval being
tested.
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Determination in the field of the synergistic effects of ther .
mal, mechanical, and fluid behavior is a multivariant problem. Chapter II.F

addresses the rationale of using the results of small-scale laboratory experi-
ments to design field and large-scale laboratory tests whose results are used,
in turn, to design in situ tests at selected repository sites. The current
and evolving measurement capabilities can provide data for constructing and,
in an iterative process, improving models for predicting the response of the
natural system to heat-generating radioactive wastes.

|

|

| II.D.4.6 Geologic Forecasting Studies

The field of geologic forecasting is less well developed than
the other topics discussed so far (244, 253, 255). Geologic research has

! largely concentrated on characterizing present-day natural processes and
i events and on historically reconstructing the distribution, tragnitude, and

sequence of past events. However, it is possible to make some general obser-
vations about the methods for investigating future tectonic activity, includ-
ing volcanic eruptions, folding, epeirogeny, fault movements, salt diapirism,

! and seismic activity.
|

| Both the likelihood and the consequences of changes in the
natural system with regard to containment and isolation need to be estimated.
For natural events, estimates of the likelihood for recurrence are based on

the geologic principle of uniformitarianism, which generally states that the
basic processes responsible for past events are determined by physical and
thermomechanical laws and thus will continue into the future (206, 260). For

this reason, a study of the history of geologic events is utilized to estab-
lish a hypothesis regarding the distribution of causative processes in time
and space and, in turn, projecting the continuation of that distribution into
the future.,

Plotting space-time relationships of past events allows a

calculation of past rates and distributions of occurrence for tectonic events

(182, 183, 261, 262). The probabalistic extrapolation of these rates into the
future must be weighted against deterministic tectonic models such as plate
tectonics to determine whether observed space-time distributions are likely to

II - 101
|
1

|



continue or be modified. The geographic scale for which data are compiled is
of critical importance and needs to' be evaluated. In general, for larger

areas consensus is more readily'obtained among earth scientists about tectonic-
processes. Conversely, averaging probabalistic projections for individual
events over large areas decreases their reliability for a given site. Thus, a
reasoned ' interpretation of probabilistic and deterministic approaches is I

requir.ed to assess the likelihood of tectonic events that might disrupt a

repository's natural system. This combination of methods is most developed
for assessing seismic hazards (177, 261-265).

Potentially active faults can be deterministically identified
from geologic, geophysical, seismic, and natural stress data. Standard earth-
quake-hazard assessment provides probabilistic estimates of expected return
periods at specific sites for ground motions of various magnitudes. These

methods are used in con,iunction to help determine appropriate seismic design
requirementL Similar methods are evolving for volcanic and diapiric

phenomena.

The consequences of tectonic events must also be estimated.

Observations of earthquake-related damage, both at surface facilities (266)
and in mine tunnels (173,176, 267, 268), provide empirical data for substan-
tiating calculations based on the physical response properties of the struc-
tures of interest.

The consequences of such intrusive processes as salt diapirism
and volcanism are estimated by studying the geometry, disruption zones, and
chemical alterations associated with existing intrusions. The movement of
faults, intrusions of material, and tectonic epeirogeny are evaluated also in
terms of their effects on hydrologic systems and erosional processes where
conditions allow current study. The principles - gleaned from analog observa-
tions obtained away from repository areas are applied to conditions existing
at potential repository sites. Impacts of faulting, erosion, and intrusion

are estimated parametrically by assuming various event scenarios and analyzing
their effects on the hydrologic'firt models.

In . summary, the prediction of tectonic events and their poten-
' tial impacts over' periods of tens of thousands 'of years is an advancing ca-

| pability. 'The unique requirements of radioactive waste management have gener-
ated- the first demands for applying -long-term geologic predictions. However,

,
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careful selection of repository sites can reduce the likelihood of tectoni-

cally induced disruptive events to almost zero, based on an uniformitarian

assumption. The' potential impacts of postulated events will be defined by_
scenario analysis in order to assess their effects on containment and

isolation.

II.D.4.7 Resource Studies

The potential for exploiting mineral, energy, water, and sub-
surface land-use resources both now and in the future will be assessed through-

| out the site-selection process. Geologic, geophysical, borehole, and geo-
chemical studies conducted during site exploration and qualification provide
data for evaluating the potential for resource development. The exploration
and ultimate selection of a repository are the converse of seeking an ore body
or an oil field, in that investigations are conducted to locate areas with a
low resource potential. However, the proper resource characterization of the
region is accomplished through the approaches and studies already outlined.
With regard to the long-term potential for resource development, geochemical
data for all elements and compounds can be compared with the average crustal
concentrations. If any characteristic, including thermal gradients, in the
site location significantly exceeds the crustal average, its potential value
to future generations needs to be carefully considered. The consequences of
inadvertent human intrusion into the repository due to resource exploration at '

some future time must also be considered (see II.E.3 for a discussion of
human-intrusion issues).

II.D.5 Status of Ongoing Exploration Programs

The preceding sections of Chapter II.D have described the
,

factors of the natural system important in site selection, design, and con-
,truction of deep geologic repositories; the requirements that must be satis-
fied by a repository site; and the methods available or being developed for
characterizing 2nd assessing the natural system.
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This section summarizes the status of. geologic investigations
conducted by the Department over the last several years. The site selection
process, described in Section III.C.1, is generally conducted in four steps:
national screening surveys, whose objective is to identify places: that have
some potential for waste isolation; regional studies, which evaluate a speci-
fic region of interest; area studies, which are conducted to characterize the
areas of interest described by the regional study; and location studies, which
further narrow the scope of the investigation to a site or sites.

,

; Individual investigations are in various stages of the site
selection process. Descriptions are given of the status of current investiga-

,

.

tions in (i) the Gulf Interior Region Salt Domes, (ii) the Paradox basin,
' (iii) the Permian basin, (iv) the Salina basin, (v) basalt flows at the De-

partment's Hanford Site, (vi) the Department's Nevada Test Site, and (vii)
planned future investigations.

Additional information regarding the technical scope and cur-
rent status of the studies described in this section is presented in Appendix
B to this statement. Appendix B repeats portions of the summary provided in
this section. Many geologic time periods are referred to by name in this

i section; therefore a geologic time scale is presented (Figc e II-12) to enable
! the reader to associate named geologic periods with historical age (269).

: II.D.5.1 Gulf Interior Region Salt Domes
i

The Gulf Coastal Plain of Texas, Louisiana, and Mississippi,
and adjacent offshore areas contair, more than 500 salt domes, 263 of which are

I known or suspected to be on land. These interior domes were evaluated in 1963
by the U.S. Geological Survey, and 36 were identified as potentially accept-'

able for repository siting -(270)._ The USGS-screening criteria were (i) depth4

to salt of less than 2,000 f t and (ii) lack of previous use (oil, gas,; sulfur,

L or brine mining). Af ter the USGS study, the Department, with the participa -
|

|- tion of ~ USGS district offices, selected 125 interior domes for detailed
studies which - provided' important ' background ' data ' fe: current investigations

,

(271-275)'.
!
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YEARS
ERA PERIOD EPOCH DURATION BEFORE THE

PRESENT

C Holocene To Present
E Quaternm

Pleistocene 1,000,000
1,000A00N Pliocene 12,000,000

Miocene 12,000,000
Oligocene 11 A00,0000 Tertiary

1 _ Eocene 22,000,000
C Paleocene 5,000,000

63,000,000unummum---

Cretaceous 72,000,000

S
O 135,000,000-

Jurassic 46,000,0000
1 181,000,000
C

Triassic 49,000,000

230,000,000

Permian 50,000,000

280,000,000

Pennsylvanian 30,000,000

310,000,000
P
A

Mississippian 35,000,000

O 345,000,000

Devonian 60,000,0000
1

C 405,000,000
Silurian 20,000,000 425,000,000

)
Ordovician 75,000,000 '

500,000,000
|

Cambrian 100,000,000
600,000,000 1

PRECAMBRIAN

Figure II-12. Geologic Time Scale

Source: (Reference 269) A. H0lmes and L. Holmes, Principles Of Physical
Geology, Third Edition, Halsted dress, New Y0rk, NY,1978

|
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Since 1978, interior domes have been evaluated by the Depart-
ment in terms of geologic and other screening specifications (188, 276, 277).
The three criteria that dominated the screening were (i) the top of the domes ;

should be at depths of less than 915 m, (ii) domes should have cross-sectional
areas of more than 1,000 acres, and (iii). domes should not have been used for
hydrocarbon production or storage, or any other mineral-related activities.
This latest study resulted in the selection of eight salt domes for the " area"
study phase (see Section III.C.1). These domes are distributed among the
States of Louisiana, Mississippi, and Texas as follows: Vacherie and Rayburns

(Louisiana); Richton, Cypress Creek, and Lampton (Mississippi); and Oakwood,
Keechi, and Palestine (Texas). The Palestine dome was dropped from further

consideration in 1979 because of hydrologic uncertaintics related to earlier
solution mining (278). Fifteen karst-like collapse structures over the

Palestine dome have been attributed to extensive brine production and solution
.

collapse. Although the solution mining occurred from 1904 to 1937, three
collapses have occurred since, one as recently as 1978.

Investigations under way at the remaining seven domes include
hydrologic studies of the three sedimentary basins in which the domes occur
(Figure II-13) as well as dome-specific geologic and hydrologic studies.
Aquifers are being investigated to depths of 2 km in each basin by borehole
pump tests. Geologic studies include regional and dome-specific field mapping
with emphasis on evaluating Quaternary terraces, remote-sensing data, geo-
physical well logs, and deep seismic data. Understanding of dome locations is

being refined by gravity surveys, high-resolution seismic reflection and
refraction surveys, and borehole evaluations.

|
Drilling of a total of 34 deep exploratory holes in three

states aggregating 89,189 ft and drilling of additional intermediate-depth and

| shallow holes produced no evidence to disqualify any of the remaining seven
domes, although several characteristics need careful evaluation against the
siting criteria. Exploration is proceeding at a -variable pace for all seven
domes; only the Lampton dome in Mississippi-and the Keechi dome in Texas have
not been explored by drilling or by seismic methods.

Studies of hydrologic stability are centered on determining the
resistance of salt masses to external dissolution. Current evidence suggests-.
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Figure II-13. Gulf Interior Region Galf Coast Salt Domes Recommended
for Further Study by the U.S. Geological Surve.y

Source: (References 270 and 275) Adapted from

R.E. Anderson, D.H. Eargle, and R.0. Davis, Geologic and Hydrologic
Sumary of Salt Domes in Gulf Coast Region of Texas, Louisiana,
Mississippi, at:d Alabama, Open-file Report USGS-4339-2, U.S.
Geological Survey, 1973; and

Radioactive WasteJ.0. Ledbetter, W.R. Kaiser, and E.A. Ripperger, %ECManagement by Burial in Salt Domes, p. 82, Contract AT
40-1-4639, Engr. Mechanics Research Lab., University of Texas,
Austin, TX

l
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that salt domes have become, through geologic time, encapsulated in plastic
clays or other impermeable minerals. These layers of impermeable- sediments
appear to have prevented the domes from dissolving since their formation 25 to
30 million years ago. Direct evidence for this hypothesis is found - in oil

company core samples and in geologic and drilling logs. The degree of con-
tinuity of the encapsulating clay needs to be determined. Preliminary calcu-
lations suggest long tra times for radionuclide migration to the accessible
biosphere (at least 100,000 years). This is because thick sections of clay

with a very low hydraulic conductivity (permeability) occur around and over-
the domes.

With regard to tectonic stability of the domes, studies of -

Tertiary and older strata suggest that movement of the salt in the Gulf

interior region ceased perhaps as long as 30 million years ago (272, 279).
Assessments based on the thinning of sediments over the dome show a slow and
declining rate of growth through geologic time, with values in the early
Cenozoic well below 0.2 mm/yr (272). In addition, careful investigations of

'

the stratification of Quaternary units in Louisiana have revealed no charac-
teristics attributed to dome growth. All of the seven domes being investi-
gated are considered to be tectonically stable. No capable faults * are known'

to exist in the vicinity of the domes.
There is minor, and declining, oil production at the 0akwood

i and Cypress Creek domes. All domes have one or - more resource exploration
holes that penetrate to the salt. All domes have some degree of. caprock.

In 1980, two or three domes will be recomended for further

examination in the " location" study phase (see Section III.C.1) of the site
exploration process.

* Capable faults - As~ defined by the Nuclear Regulatory Commission in 10 CFR
Part 100, Appendix B " capable fault" is a fault which has exhibited one or
more of the following characteristics:- (1) Movement at or near the ground-
surface at least once within the past 35,000 years or movement of a recurring
nature within the.past 500,000 years; .(2) Macro-seismicity instrumentally de-
termined with recorus of sufficient precision to demonstrate a direct rela-
tionship with the: fault; (3)'A structural relationship to a capable fault ac--
cording to characteristics (1) or (2) of this paragraph such that movement on
one could be reasonably expected to be accompanied by movement on the other.

.

!

*
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II.D.5.2 Paradox, Basin

The Paradox basin in southeastern Utah and southwestern

Colorado is a part of the Colorado Plateaus, an area of high plateaus and
deeply incised canyons. The extensive flat-lying sedimentary rocks are some-
times folded into structural upwarps and occasionally interrupted by Tertiary
volcanoes, volcanic necks, and igneous intrusions. Approximately 12,000
square miles of the Paradox basin are underlain by the bedded salt of the
Paradox Formation, which was deposited about 300 million years ago during
Pennsylvanian time. More than 25 salt layers, separated by interbeds of

shale, carbonates, and anhydrite, are present in some parts of the basin. The
Paradox basin is one of the salt regions identified during a national screen-
ing as having potential . for the eventual siting of a waste repository (280).
Evaluation of the basin was begun in 1972 by the U.S. Geological Survey (281).

Existing information on the Paradox basin is not yet sufficient
for assessing the suitability of individual parts of the region for a reposi-
tory. Current investigations are acquiring data on the hydrologic and chemi-
cal characteristics of the ground water flow systems, Quaternary history, and
present-day seismicity for the basin in general and for four particular areas
recommended for further study. These four areas were selected on the basis of
geologic factors (e.g., depth from Earth's surface to salt, thickness of salt,
and location of mapped faults) and environmental screenings (see Figure
II-14). One of the four areas, Salt Valley, in Grand County, Utah, had been
previously identified by the U.S. Geological Survey (281). The other three
areas, Gibson Dome, Elk Ridge, and Lisbon Valley, are in San Juan County,
Utah. The results of studies now in progress will be used in deciding whether
locations in one or more of the areas will be reconsnended for further inves-
t'gation.

In the near future at least two deep holes, one in the Gibson
Dome area and one in the Elk Ridge area, will be cored, logged, and exten-
sively tested (282). Samples of fluids recovered during testing operations
and samples of cores will be analyzed at the site and in the laboratory for
water content of salt, mineral composition, kerogen and hydrocarbon content,
and hydrology. A seismic reflection line is planned at Elk Ridge. Surface

|
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electromagnetic surveys will be conducted at Gibson Dome and Elk Ridge. Hole-

to-surface electrical resistivity surveys will be run in the vicinity of the
planned deep drill holes. Data collected over a period of 6 months by a

24-station microseismic network are being analyzed.

|
Area-level f' eld investigations for Lisbon Valley will be much

less extensive than tho',e in the other three areas, because of the large

amount of amassed earlfrr information for mining activities in this area. The
potentially unfavorable characteristics of this area include the near proxim-
ity of a producing oil field and extensive uranium deposits and exploration
(283). Moreover, the area is more geologically complex than the Gibson Dome'

and Elk Ridge areas but probably less complex than the Salt Valley area (284).
Preliminary results from investigations conducted to date indi-

cate that bedded salt layers of sufficient volume are present at suitable
depths in the Paradox basin. Historically, many earthquakes with Richter
magnitudes exceeding 1.0 have occurred within 200 mile from the basin, but
only 17 were in the basin itself. The largest had a Richter magnitude of 4.3
and was located near the basin margin. Potential resource-conflict and ground
water flow system evaluations are in progress.

II.D.5.3 Permian Basin

The Permian basin is a series of sedimentary basins in which

rock salt and associated salts accumulated during Permian time more than 200
million years ago. It includes the western parts of Kansas, Oklahoma, and

Texas and the eastern parts of Colorado and New Mexico. Since Permian time
the basin has been relatively stable tectonically, although some parts have
tilted and warped, undergone periods of erosion, and been subjected to major
incursions of the sea.

IThe Permian basin is one of the salt regions identified 1r a'

national screening as having potential for the siting of repositories (280).
A regional characterization has been completed, and area-level studies are
under way in the Palo Duro and Dalhart basins of Texas, described below in
II.D.S.3.1.
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| In the New Mexico portion of the Permian basin, search for sites -

suitable for the Waste Isolation Pilot Plant led to the Delaware basin and the
subsequent selection of a proposed site in the Los Medanos area, described in
11.D.5.3.2. l

II.D.5.3.1 Palo Duro and Dalhart Basins

The Palo Duro and Dalhart basins (Figure II-15) were identified
as areas with potential for siting a waste repository through screening of the
Permian basin bedded-salt deposits (285). These basins are located largely in
the Panhandle of Texas. The area is typified by an almost featureless plain
that is dissected by headward-cutting streams and is underlain by nearly
horizontal Mesozoic and Cenozoic sedimentary formations.

Current investigations are in a subregional evaluation phsse in
which some field work has been done. Data available for direct analysis

include (1) 8,000 f t of salt-bearing core,'(ii) petroleum source-rock quality
and thermal maturity data for resource assessment studies, (iii) drill-stem
test data for regional hydrogeologic studies, and (iv) quantitative data on
the climatic history, erosion potential, and shallow subsurface salt dissolu-
tion for predicting the long-term geomorphic integrity of the Texas Panhandle.

The data assembled to date are preliminary. Detailed area and
site investigations began in FY 1980. Specific questions pertaining to

hydrology, tectonics, geology, and resource evaluations will be the subjects
of proposed investigations (286). However, based on (i) the abundance of
evaporite deposits which are interbedded with potential barriers to ground
water migration (e.g. shale), (ii) the remoteness of the region, and (iii) its
marginal potential for resources, the region is a likely candidate for further
evaluation.

II.D.5.3.2 Los Madanos Site

Geologic and hydrologic investigations of. a site have been under
way in Southeastern New Mexico since 1972. This site is within a region of

the Delaware bedded-salt basin and is about 26 miles east of Carlsbad, New

|
!
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Mexico (Figure II-16). This site is well characterized and has previously

been proposed by the Department for the Waste Isolation Pilot Plant (WIPP), a
facility which was authorized by Congress for the disposal of transuranic
wastes from the defense program. The site investigations are summarized in a
comprehensiveGeologicalCharacterizationReport(192).

The data collected to date indicate that the site has all the
required features, with the possible exception of some conflict with natural
resources. While it is possible that future exploration at cepth or improved
understanding of geologic processes could reveal aspects undesirable for a
repository, these prospects are unlikely. Calculations performed for a 'poten-
tial breach of the WIPP repository by future human activity, believed to be
more likely than natural failures of the geologic barriers, indicate that,

even under extremely conservative assumptions, the potential hazard to the
general population is very slight--less than that from naturally occurring

radiation.

II.D.5.4 Salina Basin

The Salina basin as here defined is a portion of the north-

eastern United States underlain by bedded salt in a rock unit called the

Salina Group or Formation of Late Silurian age. This salt formation is ' pres-
ent in the northern Appalachian and Michigan basins in parts of Michigan,
Ohio, Pennsylvania, and New York (Figure II-17).

A regional study of the Salina basin has been made from the
existing geologic literature and geologic data available from public andi

private sources. For the Ohio and New York portions of the Salina basin, the
regional studies have been completed (287, 288) and initial evaluations have
identified study areas that appear to be geologically favorable for more de-
tailed field investigations. The Michigan portion of the Salina basin has not
been studied in sufficient detail to allow the identification of study areas.
However, it is known that Michigan has salt beds of sufficient thickness and
extent to meet present specifications for waste repositories and that these .

beds occur at suitable depths.
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active Waste, Y/0WI/Sub-741411, Office of Nuclear Waste Isolation,
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No field investigations have been carried out oy che Department
in the Salina basin. Some field work in support of repository siting has been
done by the U.S. Geological Survey in New York and in Penntylvania.

The Salina basin is u.sidered to be tectonically stable; it

|
has low seismicity and is far from crustal plate boundaries. The potential

I for uplift or subsidence in the next million years appears to be minor. Even
~

at extreme rates of denudation, surface lowering by stream erosion will not
threaten a repository located at least 1,000 ft below the surface. Although

glacial scour in the Finger Lakes region of New York has reached estimated
depths of 1,200 f t to possibly as much as 1,800 f t, this process is not

general and was caused by specific geologic conditions. The amount of glacial
scour in valley areas needs to be investigated further, but upland areas
appear to be favorable with regard to potential future glacial erosion.

,

New York salt beds were deformed by Paleozoic thrust faulting,
folding, and probable decollement with tear faults. The structure is complex,,

but present information indicates that large areas within the Strce should be
investigated further.

A large area in Northeastern Ohio meets preliminary screening
requirements: salt with an aggregate thickness of 75 f t or more, and depths
between 1,000 and 3,000 f t. Ohio has more oil and gas production than New
York and a higher potential for future resource development. Resource con-
flicts may be severe for siting a repository in Ohio.

Regional analyses suggest that Michigan is geologically favor-
able. No detailed screening has been done, but the stratigraphy and t,he
structure of the salt beds appear to be promising.

Much additional information is needed before a repository site
could be identified in the Salina basin. The deep ground water circulation
and flow systems are not known. The detailed composition of the salt beds is
not known. The water content and the mineral impurities of the salt need to
be determined. In addition, the nature of facies changes within the salt beds
and surrounding rocks needs to be evaluated. Dissolution of salt is probabk

in New York where the Salina Group crops out. The rates and processes of
dissolution are not known and need to be evaluated. Northeastern Ohio does
not appear to have significant present-day dissolution. The potential for 011>
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and gas development in the Salina basin needs to be evaluated. The regional
geologic studies of the basin indicate that New York, Ohio, and Michigan all
have both favorable and unfavorable geologic characteristics for a reposi-
tory. At the present, no part of the basin can be judged acceptable or un-

acceptable for repository siting.

II.D.5.5 Basalt Waste Isolatien Project

The Basalt Waste Isolation Project (BWIP) is evaluating the |

Department's Hanford Site in the State of Washington to determine whether it
contains a suitable location for a repository in basalt. The Hanford Site,
576 square miles in ar ., is in the center of the Pasco basin (Figure II-18).

,

Geologic and hydrologic investigations have been under way since 1977 and
represent a continuation of an effort conducted between 1968 and 1972. Most

of the results of these investigations have been published (289, 290).
Current data and understanding indicate that basalt is a suit-

able medium for the disposal of radioactive waste. Investigations of the

Hanford Site to date indicate that it has suitable geologic and structural

characteristics. The location and the movement of water in the unconfined and
upper basalt confined aquifers are well understood (291, 292). Questions
about the location and movement of the water in the interbeds and interflows
of Wanapum and Grande Ronde Basalts are being addressed (293) and should be
resolved in the next 2 to 3 years. The tectonic conditions of the area have
been, investigated, and it appears that the area is sufficiently stable for

siting a repository (294). Current information and understanding . indicate no

| conflicts with natural resources.
1

II.D.5.6 Nevada Nuclear Waste Storage Investigations

The Nevada Nuclear Waste Storage Investigations (NNWSI) are
evaluating the suitability of the Department's Nevada Test Site (NTS) in Nye
County, Nevada (Figure II-19). Because waste isolation activities must not
interfere with the prime mission--nuclear weapons testing--exploration. for a
suitable repository site on the NTS is currently limited to the southwest
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portion. The area compatible with weapons testing consists of approximately
300 square miles of desert basins and mountain ranges. Early in the project,

sites outside the southwest quadrant wer a considered. One such site, the

Syncline Ridge was eliminated from further consideration because of its struc-
tural complexity (295). In addition to exploration for repository sites,

field tests are being performed at the Climax Stock and G-Tunnel, to evaluate
the suitability of granite and welded tuff, respectively, as host media. A

'

summary of the investigations conducted to date is available in a recent

report (296).
Current data and understanding indicate that the Nevada Test

Site and tuff aceous rocks have potential for isolating .adioactive waste in a
mined geologic repository. The identification of a site with suitable geo-
logic and hydrologic characteristics is the prim 7.y focus of exploration. The H

likelihood and the consequences of potential rectonic events are being anal-
yzed to determine whether the tectonic setthg would preclude waste disposal
at the site. Preliminary data suggest that the risks from tectonic phenomena
are acceptal>1e. Metallic and energy-resource conflicts are minimal; both
water and land-use resources need careful evaluation.

The geology of the Nevada Test Site is complex, a characteristic
shared by all of the Basin and Range Province in which the NTS is located.
The geologic strata present at the NTS consist of more than 30,000 ft of
pre-Cambrian and Paleozoic quartzites, shales, and carbonates (297). This
sequence of sedimentary rocks was deformed during compressional mountain-
building episodes in Mesozoic time. During the mid-Cenozoic, a few thousand
feet of volcanic deposits were deposited in the region and subsequently dis-
placed by normal faults (297, 298). The closed basins associated with the
normal faulting have accumulated alluvium deposits that exceed 2000 ft in

j thickness in the deepest parts of the basins (297).
Of the rock types that occur the Nevada Test Site, argillite,

granite, alluvium, and tuff have been considered for suitability .as host
rocks. Alluvium was . deferred from consideration as a candidate host for
high-level waste because its thermal conductivity (assumed for the study to
range from 0.2 to 1.2 W/m-K) would allow unacceptable near-canister tempera-
tures for 10-year-old high heat generating wastes (299). Geophysical data

l
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,

l
'

i

collected during 1978 and 1979 indicated the presence of . structural discon-
tinuities passing through the Calico Hills '(argillite-granite) and Wahmonie
(granite) ' study areas. Magnetic and gravity data suggested a possible gran- ;

''

itic intrusion at shallow depth below the argillites at Calico Hills, but a

2,550-ft drill hole failed to penetrate the inferred granitic mass (210).
,

| Therefore, current exploration' efforts in the southwestern part.of the Nevada
Test Site are directed to locations containing the remaining candidate host-

! rock, volcanic tuff. : At present, only one location, Yucca Mountain (Figure

{ II-19), is being explored.
! Yucca Mountain is underlain by approximately 2000 :m of inter-

- bedded welded to nonwelded tuffs. The thermal, mechanical, and chemical' prop- !
erties of welded tuff are generally considered favorable for a geologic repos -

,

itory (300). The thermal conductivity of saturated welded tuff is about-
2.5 W/m-K, and its mechanical strength approaches that of granite (164).- How-

| ever, welded tuff may contain up to 10% water by weight. If this water is
'

| removed from the rock, thermal conductivity decreases to approximately 1.7

| W/m-K. The effects of this water on the thermomechanical response of tuff
.

' have to be assessed and are being investigated by an at-depth heating test at

| G-tunnel (247) and by laboratory studies and computer modeling. The sorption

; capacity of tuff is generally ~ very high and quite variable. Depending on the
,

{ mineralogy, sorption values for various types of tuff range from 55 to 13,000
ml/g for strontium and from 50 to 6,000 ml/g for cesium.

,

j An ideal geologic setting for a repository in tuff is a ther- e

i mally conductive, mechanically strong, welded tuff enveloped by a low-perme-- '

ability, highly sorptive, nonwelded zeolitized tuff (Figure - II-20) . Field
,

mapping, core drilling, and geophysical surveying are in progress to assess-
the extent to which these conditions exist at Yucca Mountain. A 6,000-ft core'

; and hydrologic test ~ hole is being drilled into the study. area; the.- results
will be correlated with data from a- 2,500-ft hole drilled earlier (209). The

j water-bearing propertiesJof . inferred fracture zones in' the. Yucca Mountain area
will be evaluated by hydrologic-testing and geophysical' surveys.

'~

The Nevada Test-Site, lies in a portisn of the_ Great Basin char-
acterized' by large, ' closed ground water 'and. surface water -b'asins. Ground.

,

water flows southwest and: discharges. at Ash Meadows, Nevada,f and Death Valley,
!

!
'

:
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California (Figure 11-19), about 40 and 60 km from the current study area,
respectively (238). The water table is between 400 and 600 m deep in the

. study area (209). Few reliable estimates of ground water flow velocity are
available for the NTS region. . Estimates based on radiocarbon ages of water ;

from wells at the NTS and from wells in the Amargosa Farms area, approximately ,

32 km downgradient, indicate an average velocity of about 9 m/yr between these

wells (296). This rate is probably higher- than average ground water veloc-
ities in the NTS because much of the flow to the wells -is through local zones
of fractured tuff aceous rocks and alluvium whose average hydraulic conductiv-
ity is higher than for other areas at the site. with the exception of some
areas of carbonates (238). A two-dimensional, finite-difference model of the
regional flow system encompassing the Nevada Test Site is currently being

I tested by sensitivity analyses to determine the relative importance of. the
model's hydrologic parameters to velocity. and residence-time calculations
(301).

The Nevada Test Site is in an area of the Great Basin that has;

relatively low seismic activity for the Basin and Range Province (seismic risk
zone 2) (177, 261, 302) and a low potential for volcanic eruptions (181,
183). Based on the historic seismic record within 400 km of the NTS, it is

estimated that an acceleration of 0.7g has a return period of 15,000 years,
and 0.5g has a return period of about 2,500 years (261). Methods for estimat-

ing the recurrence potential of basaltic volcanism yield preliminary annual
probabilities for a 10 km area of 10-8 to 10-92 per square kilometer

(183). The calculations assume that volcanism is a -temporally and spatially
random process within the NTS region. This assumption is conservative. Cur-

rent work, including field and geophysical studies, is concerned with identi-
fying structural features that affect the distribution of past volcanic activ-
ity. The relationship between Quaternary strata of the basin fill deposits
and erosional and depositional surfaces indicates that only very -slight
regional and local uplift and subsidence have occurred during the- past few

~

million years (303).
Limited mining was conducted in the area of the Nevada Test

Site long before the land. was withdrawn. .The mineral deposits are generally
associated with -intrusive ' granitic masses. All potential' repository sites on.-
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or near the site will be evaluated for mineral resources. No hydrocarbon
deposits of reasonably foreseeable commercial grades occur at the Nevada Test
Site. However, because the NTS is in a desert, water resources are scarce and
must be considered.

II.D.5.7 Expanded National Waste Terminal Storage Program

The Department's site exploration program is being expanded to
consider a wider variety of rock types in diverse geologic environments. |

These broadened activities were originally recommended by the Interagency
Review Group (204) and were included in the Pres! dent's statement of 12
February 1980 (1).

Three approaches to site exploration and characterization are
currently available for use to implement the expanded program at the national
screening phase. The approaches are (1) geologic-host rock; (ii) current land
use; and (iii) geohydrologic environment. The three site exploration and
characterization approaches are described in Section III.C.1.

The geologic, or host-rock, approach has been applied in

separate literature surveys of granitic intrusive rocks in the conterminous
United States and in the southern Piedmont to determine their distribution and
potential suitability as repository host rocks (141,142). The factors evalu-
ated included physical, chemical, hydrologic, te< tonic, seismic, and minera-
logic properties. The information collected in these studies indicates that
numerous granitic bodies are suitable for further evaluation.

Three evaluations have been completed in the following sub-
regions of the southeastern United States:

1. The Piedmont Province, consisting of pre-Cambrian
and Paleozoic metamorphic and igneous rocks (142).

2. Triassic basins, long narrow troughs in the
Piedmont of Triassic sedimentary and extrusive
rocks (133).

3. The Coastal Plain, a wedge of unconsolidated and
semiconsolidated sands, clays, and limestones
overlying rocks of the Piedmont type (3N, 305).
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A literature study of argillaceous rocks in the United States
is currently under way. Laterally persistent argillaceous rock units at least
75 m thick and 300 to 1000 m deep are being evaluated. Characteristics being

considered include physical properties, mineral composition, geochemistry,
geologic structure, seismic potential and tectonic history, development of
mineral resources, regional ground water hydrology, and the extent of drilling
and mining. This study is expected to be completed in the third quarter of FY
1980.1

Three broad classes of argillaceous rocks are being evaluated
by laboratory testing:

1. Argillaceous rocks with no carbonaceous material
and with little'or no hydrous expandable clay.

2. Argillaceous rocks with carbonaceous material.

3. Argillaceous rocks with smectite as a major clay
mineral constituent.

Each class will be sampled by drilling and evaluated to deter-
mine the major mineralogic constituents. Each sample will be characterized by

(1) complete chemical and mineralogical analyses; (ii)-response or reaction to
large doses of gamma radiation; (iii) me.isurement of the thermal properties;

|

! (iv) measurement of absorptive properties; (v) measurement of' the mechanical
properties; and (vi) determination of the products of the interaction between
the samples and simulated radioactive waste. This project will continue

through FY 1981.
Screening based upon consideration ~ of geohydrologic environ-

ments screening is being initiated to evaluate simultaneously the literature
regarding geohydrologic and environmental requirements. This study will

entail a nationwide literature search and result in a computerized data base
suitable for use in parametric analyses. Concurrently, the U.S. Geological
Survey is planning evaluations of various geohydrologic provinces of the
United States.
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II.D.6 Natural Systems Summary

The information presented in Sections II.D.4, II.D.5, and

Appendix B indicates the technical scope and current status of the Depart-
ment's programs to evaluate the potential of various natural systems to pro-

| vide the necessary features for a repository. The natural and engineered
barrier systems discussed in the next chapter are closely related because the
construction and operation of the repository will affect the natural systems.
If appropriately designed, engineered systems can supplement the containment i

and isolation capabilities of the natural system. Much of the information
gathered during field and laboratory investigations of natural systems will be
used in the modeling programs described in Chapter II.F.

The information about the natural system presented in this
chapter and Appendix B can be summarized as follows:

1. The scope of technical information required for
evaluating natural systems and the role that
natural systems can play in providing barriers
for containment and isolation are known.

2. Required characterization techniques are avail-
able; many represent the state of the art.

3. The need for additional improvement in predicting
the performance of fractured, and perhaps water-4

bearing, rock masses has been recognized.

4. Site identification programs are being conducted
in a number of regions and host rocks, including
basalt, granite, shale, salt, and tuff; some are
well advanced. A geologic characterization
report and a draf t environmental impact statement
have been prepared for a bedded-salt site' in

isoutheastern New Mexico from data gathered in '

extensive site drilling and field characteriza -
tion.

Preliminary drilling and other field activities
are being conducted at potential locations (see
III.C) on the Department's Nevada Test Site and
the Hanford Site in volcanic tuff and basalt
environments, respectively._ Eight salt domes in

|
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the Gulf interior region were identified for area
characterization studies; the Departmer;t is con-
tinuing evaluation of seven of these for possible
location characterization studies. ,

i l

Area-level studies (see III.C) are also currently j
being conducted in the Paradox basin of Utah; the

IAppalachian basin of New York, Ohio, and Pennsyl-
vania; and the Palo Duro and Dalhart basins in i

Texas. Regional level studies (see III.C) for
granite and shale have been completed, and area
studies will soon comence.

5. Investigations .to date strongly suggest that
acceptable natural systems exist that will meet
the objectives in II.A.l.

6. The diversity of media under evaluation, the
large number of potentially suitable sites con-'

tained in the areas and regions being studied,
and the NWTS Program's ability to successfully
screen for sites using criteria (II.D.3) and the
available performance assessment techniques
(II.F.1) will result in identifying, qualifying,

[
and licensing repository sites.

;

!

,

;
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II.E MAN-MADE SYSTEMS OF MINED GE0 LOGIC DISPOSAL |

!

Chapter II.D describes the natural systems associated with
mined geologic disposal. This chapter addresses the subject of man-made sys-,

tems. The man-made repository systems consist of three ' basic functional com-

ponents: the waste pa.W.ge system (II.E.1), the repository system (II.E.2),
and preventive measures against ' human intrusion (II.E.3). This chapter ad-
dresses the factors requiring consideration for each of these man-made system
components and presents (i) the phenomena of concern, (ii) a description of
and the requirements for successful functioning of the components, and (iii)
the status of knowledge and planned activities relating to each.

II.E.1 Waste Package System

; The waste package, as used here, includes everything man places
in the repository waste emplacement hole, e.g., the waste form, canister,
overpack, and backfill. _These various package system components will be used

! to reduce overall technical uncertainties by virtue of their conservative
engineering design and by providing attenuation of risk to man in addition to,
that provided by the host rock and surrounding strata.- These components pro-
vide:

1. Containment of fission products for extended
periods to allow short-lived radionuclides to
decay while still localized. -

-2. Limitation of the rate ' of release of radionu-
clides to the near-field host rock for the entire i
period of isolation.

3. Limitation of access of water to - components of
the packages to prevent or minimize waste / rock /
leachant interactions.

The functions and materials of package system components will
vary in response to specific site - needs .and environmental factors. A waste
package system is conceptually represented in Figure II-21. The package

,
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contains a number of components which might be appropriate under particular
circumstances, but not all components are necessarily appropriate or required
for a specific system. The choice of waste package components will depend on

| the characteristics of the waste to be contained and the characteristics of

| the natural geologic system.
One may envision how this multibarrier package system performs

by considering the case of ground *.ater moving though the natural system
toward the package. Water first would encounter the emplacement hole back-

t

fill, which could be designed to be relatively impermeable to water; such
design would make use of well-established physical and chemical reactions.

.
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Any residual water passing through the backfill would encounter a sleeve, an
overpack, or both, made of corrosion-resistant materials. As a further redun-
dant measure, the canister itself would act as a physical barrier. Use of a
nongaseous stabilizer could provide an additional resistance to water influx.
If all these sequential resistances to water influx were to fail, the waste
form itself would be a barrier because of its resistance to radionuclide
release. If some nuclides were mobilized by the ground water, they would have
to travel through package components. The backfill or other parts of the

system could then function as a sorptive barrier to retard or minimize move- |

ment of selected nuclides. Thus, the total waste package system can be
designed to minimize the nuclide inventory entering the natural system.

~

Chemically and physically limiting nuclide mobility, and also delaying nuclide |

releases, results in a substantial decay before nuclides enter the natural
system, where there would be additional delay and decay due to sorption re-
actions with surrounding rock materials along the ground water path.

The candidate package components are discussed subsequently in
more detail relative to the phenomena and environments (see also II.C) to
which the package may be exposed. The functions of package components when
exposed to those conditions, the expected requirements that will be placed on
the performance of the waste package system, and the current state of our
knowledge are described.

II.E.1.1 Phenomena of Concern

Numerous phenomena that initiate reactions in and stresses on
the waste package system have been identified. These phenomena occur both in
the operating phase of the repository, e.g., handling and emplacement proc-,

esses, and during the long-term isolation phase of the repository, e.g.,
barrier deterioration as a result of corrosion or chemical and radiolytic
degradation. Operating phase considerations are discussed in II.F.3. The

principal phenomena of concern to the long-term isolation phase are as follows:

1. Incursion of fluid due to natural or anthropo-
genic effects.

1

1
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2. Volatilization of nuclides.

3. Radiolysis.

4. Heat generation and thermal-mechanical stresses
on package components and host rock.

5. Interactions with ground water.

6. Other interactions among package components and
host rock.

The processes to be considered depend upon the emplacement medium and the
temperatures and pressures that the w'aste package system must withstand. The

package thus must be designed to confine the waste under widely varying condi-

tions.
The waste package will consist of various components, each of

.

Itwhich can mitigate the impacts of these phenomena on package performance.
is important to note that the design may require more than one component to
resist all potential phenomena. The use of a multicomponent waste package-

design will increase the ability of the package system to resist all expected
phenomena.

II.E.1.2 Description of Package Components

The waste package has been defined as a system of engineered

components that may include waste form, stabilizer, canister, overpack,
sleeve, and emplacement hole backfill (306). These components may be exposed

~

i

|
to a variety of phenomena that can be defined in terms of anticipated reposi-
tory environments (II.C). The following paragraphs discuss each package com-

ponent separately; however, it is the performance of the entire system of
components on which containment of the waste depends.

II.E.1.2.1 Waste Form

The waste form in- the reference case for this Statement ~ is
spent fuel as discharged from light water reactors (LWR's) with little or-
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perhaps no modification other than aging or possible mechanical disassembly to

allow volume reduction (see I.A). The waste form function is to provide a
durable barrier to delay or minimize radionuclide release. Since the most
credible transport mechanism to the biosphere is by ground water movement, the
leaching or dissolution (release) characteristics of the waste form are of
concern. Preserving the integrity of the waste form would minimize the mobil-
ization of the radionuclides. For spent fuel, the properties of the cladding
must also be considered because it may provide an additional barrier against
water exposure of the fuel. Also, the cladding contains fission product gases
released from the spent fuel, e.g., tritium, xenon, and iodine, and prevents |
their entry into free spaces within the canister. Other properties +' .he

waste form that must be considered include thermal / physical response, mechani-
cal shock resistance, phase stability, volatility and gas generation, and
compatibility with other components within the waste package system.

II.E.1.2.2 Stabilizer

The stabilizer (sometimes referred to as filler) can have sev-
eral functions within a spent fuel container. Gases, such as ' helium, could
enhance heat transfer during the thermal period without causing chemical or
mechanical attack on the spent fuel / cladding assembly or the canister. Parti-
culate or solid stabilizers can provide additional functions, including main-
taining the position of the spent fuel within the canister; preventing can-
ister collapse under lithostetic pressures; and acting as a corrosion-

resistant protective barrier, improving heat transfer, increasing radiation
attenuation, retarding water intrusion, and enhancing desiccant activity or
nuclide sorption.

|

II.E.1.2.3 Canister

The canister provides containment for the waste forms and stab-
ilizer. It should delay or minimize w&ste/ water interactions as long as prac-
ticably achievable. Moreover, the car.ister is expected to provide physical

!
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protection during interim storage, transportation, handling, emplacement, and,
possibly, waste retrieval operations.

II.E.1.2.4 Overpack

The overpack is similar in principle to the canister. An over-

pack offers several options to the package designer: it may function as a

redundant canister, applied (if necessary) for all stages of package handling,
transportation, and emplacement; it can exhibit corrosion resistance or mech-
anical properties superior to those of the original canister, thereby provid-
ing all, or a major part, of the resistance to the environment required by the
package longevity criteria; it can provide a degree of unifcrmity to a variety
of canister types to accommodate repository acceptance criteria. The canister
and overpack together can be referred to as the " container."

II.E.1.2.5 Emplacement Hole Sleeve

The function of the emplacement hole sleeve, for current waste
! package concepts, is to maintain an open emplacement hole for easy package

insertion and retrieval. This may be important if the geologic medium is
plastic, e.g., rock salt and certain shales. However, the sleeve also could
assume a more significant package role. For example, certain barriers could
more easily be formed or built in situ rather than transported and emplaced
with the canister, e.g., poured concrete. sleeves. Such sleeves could function
as' barriers to the entry of ground water.

;

II.E.1.2.6 Emplacement Hole Backfill

Emplacement hole backfill materials which will be used to fill
the void spaces between the canister, overpack, sleeve and host rock, may have
several functions:

1. Sorbing the . limited amount of water present in a
dry repository medium, e.g., brine inclusions in
salt.
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2. Impeding movement of ground water to or from the
| waste package.

3. Selectively sorbing radioisotopes from the water
that contacted the waste in the event of a canis-
ter breach.

4. Modifying the ground water -hemistry and composi-
tion (pH, Eh, selectively J chemical species)
in the vicinity of the pac. ge to reduce corro-
sion rates or minimize waste' form leaching.

5. Providing mechanical relief for accommodating
hole closure and stresses on the waste package
induced by rock movement.

6. Serving as a heat transfer medium.

II.E.1.3 Waste Package Requirements

The intention of waste package performance requirements is to
ensure that the waste package design will conservatively satisfy overall geo-
logic disposal system requirements and that it will provide the functions re-
quired for handling, emplacement, and, if necessary, retrieval of the waste.
The requirements apply to disposal in any geologic medium.

The waste package or,17 come cases, specific components of the
package will be required to perform three functions within the repository
system:

'

l. The waste. package must act as a barrier to radio-
nuclide mobilization and release into the geo-
logic system over long periods of time in accord-
ance with Objective 1 stated in II.A.l.

2. The waste package must provide for the safe hand-
ling of waste at the repository in conjunction-

with other components of the repository system.

3. The waste package must preserve the ability to
retrieve the waste safely throughout the required
repository demonstration period.

.
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These capabilities will be required under both normal operating conditions and
specified design bcsis accident conditions to ensure that, in conjunction with
other components of the repository system, the performance of the repository

Iis in compliance with ove".ll system requirements.
Waste handling operations at the repository will include re-

ceiving, inspection, transfer to the underground, and emplacement. The cap-

ability to package or overpack spent fuel - on-site may be included. In this

case, any receiving and inspection requirements would apply to the spent fuel
shipping t:ask as well as the final spent fuel container used for disposal.

The safety provided by the containerized waste during handling
and emplacement operations will be assessed on the basis of its ability to do
the following:

1. Maintain waste containment under normal operating
stresses due to vibration or impact.

2. Limit radionuclide dispersion under accident
conditions involving combustion.

3. Maintain surface contamination within the limits
specified for repository handling components.

4. Limit hazards to the public and the epository
personnel from exposure to chemical ly toxic
substances.

5. Prevent criticality within single packages or an
array of packages by virtue of the physical
properties and the spatial arrangment of a group
of packages.

The conditions under which the package must perform will range
from normal operating conditions to abnormal conditions due to minor operation-
al incidents or to conditions resulting from design-basis accidents. Under

the normal and abnormal operating conditions, the waste container will retain
its physical integrity and be capable of providing containment throughout the
handling and emplacement operations. Af ter more severe accident conditions,

repackaging or overpacking the damaged container will be performed if required.
The waste container and o,verpack design will be standarized to

the extent practicable. Standardization is primarily for operational uniform-
ity and does not apply to material types chosen on a site-specific basis. The
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features of the waste package to be considered for standardization include

| package dimensions, geometry, maximum weight, and allowable package surface
! contamination. The standardization of the package components not only repre-

sents good engineering practice but also contributes to safety. by ensuringj'
that wastes can be handled at any repository, using existing handling facil-
ities at the repository, and that surface dxe rates will be within design
limits for all repository handling facilities.

If for any reason a repository is found to be unacceptable dur-
ing the operating period, the waste will have to be retrievable (II.F.3).
Retrievability requires that the containerized waste remain intact throughout
the operating period and this imposes durability requirements on the contain-
erized waste.

In addition, the waste package will provide a long-term barrier
to radionuclide release and transport into the surrounding rock strata. It is

important to understand that the package will be evaluated as a system. Under

certain conditions, some components of the system may not be entirely effec-
tive; thus the burden of some portion of their function falls on other compo-
nents. The package system is being technically evaluated to ensure that, if
individual components fail, the package will maintain its ability to act as an
effective deterrent to radionuclide transport.

II.E.1.4 Current State of Knowledge Regarding Waste Package System

Extensive testing and development studies on various individual
barrier components of the waste package system, under expected conditions of
geologic isolation (II.C.4), have been in progress for several years. These

studies have been conducted in industrial and national laboratories, as well
as universities, both in this country and abroad. Most of these studies are
not complete, but the data and results generated during the past few years do |

indicate that components of the waste package system can prevent or minimize
release of radionuclides to the natural system by functioning as effective
chemical and physical barriers. Programs, program plans, and results are
described here.

.
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Because of the many candidate materials suggested for each of
the components of the waste package, barrier development programs are proceed-
ing in a logical sequence of scale and complexity of the tests. Generally,

|

studies are started in the ~ 1aboratory, usually on single components, with j

tests directed toward the major properties of interest associated with the
prime function of the barrier. The initial laboratory tests in the Depart-

i
1

ment's program utilized simulated waste forms without the influence of a
radiation field. Later, laboratory studies started to utilize real waste
(307-310). Experiments that simulate repository conditions and integrate the
behavior of waste package components and the geological media are in progress

(311, 312). Further laboratory efforts (306, 313, 314) are being directed
toward more complex testing of subsystems involving more than one component.

Through laboratory materials performance evaluation under

realistic repository environmental conditions and accelerated aging tests
(referred to as "overtests"), the number of waste package candidate materials
is being reduced for subsequent evaluation (315).

Following laboratory testing, cold " bench-scale" experiments
and hot-cell experiments are planned (313); some are already under way. These
tests employ small-scale mockups of real, complex systems or groups of system
components to investigate the influence of components upon each other. For'

example, leaching / corrosion studies utilizing a scaled mini-canister of an
actual waste form with rocks and ground waters are in progress (316, 317).

The logical culmination of a series . of studies investigating
waste package component performance and qualification is a large-scale test
specific to each repository rock type (318, 319) (see also II.D.1 and II.F.2),
which involves all components of the waste package. Such tests also may be

performed in the field to confirm the results of earlier detailed laboratory
and large-scale tests. To evaluate the response of the total package system

it may be necessary to induce failure in one or more component in a realistic
way, so as to stress one or more of the remaining components. If, for

example, the backfill successfully excludes ~ water from the overpack, no -infor-
mation will be obtained about the in situ resistance of the overpack to the
stress of ground water. The required extent of such field testing will be

j determined from the analysis of earlier results.
-

,
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Various aspects of required laboratory, large-scale, and field
tests have been described by the U.S. Geological Survey and the Department in
the Earth Science Technical Plan (314) which discusses the types of data re-
quired and the sequence of laboratory, large-scale engineering, and field dem-

,

onstration tests. A Waste Package Design, Development, and Test Plan (306).
has been formulated to direct these package development efforts. An integral
part of this plan is the development of coordination among and standards to be
followed by researchers and waste management program entities with respect to
testing procedures and materials certification. For review and integration,
the Department has established a Materials Steering Comittee, a Materials Re-
view Board, a Materials Characterization Center, and an Independent Measure-
ment Standards Laboratory (320). These organizations have been charged with
supporting waste package design, development, and testing programs to produce
suitable packages that meet established requirements (see also Part III).

II.E.1.5 Status of 'ackage Components

II.E.1.5.1 Waste Form

Spent fuel as a waste form, has a preset form, composition, and
geometry (321). The in-reactor operating history (322, 323) and also its
postoperating and storage history will dictate the physical condition of the,

spent fuel as received for packaging and disposal (see II.C). The actual phys-
ical condition will influence the containment efficiency of the cladding, the
release resistance of the fuel pellets, and the radiation and thermal output
of the packaged spent fuel (307, 310, 324). The majority of the spent fuel
assemblies will be of the PWR and BWR types consisting of spent fuel pins of
uranium dioxide pellets in sealed metal (Zircaloy) tubes held in a geometric
space array by a metal framework. Concepts to prepare spent fuel for disposal
now under investigation include the following, listed in order of increasing

'

complexity (325-327):

1. Intact fuel assembly: minimizes handling and
packaging operation and also the need for addi-
tional waste streams; is compatible with storage[

concept.
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2. Removal of assembly nozzles: creates additional
waste stream and packaging operation but permits
shorter package length; is a necessary step for
other concepts.

3. Fission gas removal and reseal: has same attri-
butes as _ removal of assembly nozzles and also
prolongs cladding integrity and reduces canister
pressurization and subsequent release if breached.

4. Fuel bundle disassembly: has same attributes as
removal of assembly nozzles and also eliminates
effect of dissimilar metal contact on cladding
corrosion; may lead to possible temperature ef-
fects due to close packing of pins.

5. Chopped fuel and matrix immobilization: has
-attributes of fission gas removal and reseal
although it destroys cladding as containment, but
provides uniformity of waste form and new barrier
option, i.e., matrix material.

,

Spent fuel as a waste form has been under investigation for

some time (319, 325, 326, 328, 329). Laboratory studies on the release of
radionuclides from spent fuel (307-310, 330) have included leachants of vari-
ous ground water composition. These tests are continuing, along with new
studies to strengthen the understanding of the effects of degree of oxidation
and chemical distribution on nuclide release from spent fuel (331). These

tests are being performed under both oxidizing and anoxic environments in
various ground waters.

A naturally occurring deposit of reactor wastes was created '2
billion years ago at the site of a current uranium mine (Oklo) in Gabon, West
Africa (332). Certain regions ' accreted enough very rich _ ore to become
" critical" and sustain a fission chain reaction for several hundred thousand
years. More 'than 10 tons of wastes, comparable in nearly every respect to the
products generated by a modern power reactor, were formed in the buried ore-
where .they have been exposed to dispersive natural processes ever since. Yet

the majority of the waste products are still at or near the original site.
Better understanding of the Oklo phenomenon will increase our-

knowledge of how a number of waste ' products in spent fuel will behave over
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extremely long -periods of time.- To date, studies show that the long-term
release rate of.most of the Okla. reactor products-is controlled by solid-state
diffusion from crystalline grains of uraninite, a process which is very slow |,.

' ' compared to processes which involve ' direct dissolution -of the ore. At Oklo
the uraninite grains remained undissolved because oxygen, which is necessary
to oxidize the ' uranium to a soluble form, was h' eld to' extremely low values in
the surrounding ground water by the presence of' an excess of reducing

i materials.
,

In ' order to determine whether present-day spent fuel can be |

expected to behave similarly in a similar geochemical en'vironment, studies are -
'

,

being conducted to determine whether the release rates of waste nuclides are

controlled by diffusion from U02 when the . oxygen content of water is held to
very low values (330). To date the information obtained-from such experiments {

i
indicates that lowering the. Oxygen content of the . water. can significantly

i decrease the release rate of the wastes.
; Accelerated release studies are. currently investigating the

behavior of a simulated spent fuel in both deionized . water and a simulated
salt brine under hydrothermal conditions of 100 C, 200 C, and 300 C at
pressures up to 300 bars (333-335). The alteration and degradation of . the
original solid and the chemical species taken into solution are being' studied,

'

Preliminary results from these various: studies; indicate 'that,i

although some radionuclides are released more rapidly than others as a func-
J tion of experimental conditions, spent fuel is a durable waste form that-

exhibits low release of radionuclides when subjected to ground water under
normal repository conditions.

II.E.1.5.2 Stabilizers
1

For stabilizers (fillers) in ' spent fuel canisters, candidate4

; materials include inert gases (e.g., helium) and castable solids (e.g., glass,
lead and Llead alloys, zinc and zinc alloys) (329,136). A list of candicate,

canister stabilizer materials follows (337):
1

! b,,

;
.

'
,

_

k

< <

'
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Gases:

Helium
Nitrogen

Solids:

Fe, Fe alloys Graphite
Pb, Pb alloys Bentonite
Zn, Zn alloys Other clay minerals
Glass Sand
Concrete Crushed host rock
A1, Al alloys Mixtures of the above
Cu, Cu alloys

Basic physical and chemical properties of candidate stabilizer
materials are well known. Some of these candidate materials have been evalu-
ated (under expected repository conditions) for use as barrier materials other
than as stabilizers, e.g., as canister, overpack, and/or backfill barriers.
Since the overall waste package functions are similar (e.g., corrosion resis-
tance, nuclide sorptive, properties, protection of' the waste form), the same
materials testing can, in many cases, be applied to several system compon-
ents. Results of such testing (315, 337-341) for metallic, ceramic, and other
materials are discussed below.

II.E.1.5.3 Canister, Overpack, and Sleeve
_

Candidate materials for the canister, overpack, and sleeve can
be discussed together, since they all are basically impermeable or "hard"
package elements and will act in much the same manner though perhaps for dif-
ferent package functions. Candidates include metals, ceramics, carbon,.

,

l glasses, and cements. A selected list of candidate materials follows, with

each of the major materials groups discussed in subsequent paragraphs:
i

Metals:

Ti alloys
Zr alloys
Ni alloys
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Pb, Pb alloys
Fe, Fe alloys
Cu, Cu alloys
Aluminum alloys,

Ceramics:

|

A1 023(alumina)
2A1 0 SiO2(mullite)23
A1 2 3-Zr0 -SiO2 (fused AZS refractory)0 2

CaTiO3(perovskite)
Ca0 Zr0 TiO2(zirconolite)2

TiO2 (rutile)
Zr02(zirconia)
ZrSiO4 (zircon) |

Carbides:

tic
sic I

tac

Carbon:

Impervious graphite
- Glassy carbon

Pyrolytic graphite

Glasses:

Wide variety

Cements:
,

High-alumina cements
Specially tailored cements, grouting
Compounds, or chemical binders

:

Candidate material selection for canister and overpack will be
based largely on the results of corrosion tests as a function of temperature,
radiation, and ground water chemistry, 'e.g., pH, ' Eh, composition, and - ionic -
strength, that are typical of the water in various media of interest, i.e.,

basalt, granite salt, and tuff. ~ Applicable materials studies to date include

.

4
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t

consideration of general corrosion rates, pitting and crevice corrosion sus-
; ceptibilities, stress corrosion cracking, effects of oxygen concentration,
i solution volume to solid surface area ratio, and possible effects from

radiolysis products (315, 338, 342).

II.E.1.5.3.1 Metals
,

More data exist on the behavior and corrosion resistance of
metals under anticipated repository environments than any of the other listed
groups. The specific nature of the environments involved (II.C), i.e.,

brines, bitterns, or hard rock ground water, can lead to markedly different
material requirements and characterization studies (337).

Several studies (315, 338, 342, 343, 344) have reported data on
' the corrosion of candidate metals in brines under both oxygenated and anoxic

0conditions. These data, obtained for temperatures up to 250 C, are appli-

cable to bedded and domed salt waste repositories as well as subseabed dis-
posal (315). Corrosion data for candidate metals (315, 338, 342) under repre-
sentative as well as severe overtest brine conditions demonstrate the long-

term durability of metallic barriers. Certain titanium and nickel-based
alloys show outstanding general corrosion resistance (315) to high-temperature

0brines (70 C to 250 C) under both anoxic and oxygenated conditions, even
in the presence of a radiation field (338, 342).

Based upon laboratory test data, thin layers of these nickel or
titanium materials,1/16 to 1/4 in thick, should remain intact for hundreds
of years or more under these hostile conditions. Further studies in brine are
continuing (336) so that localized attack (e.g., pitting, crevice corrosion,
stress corrosion cracking) can be more fully characterized under the same
conditions. Observed localized attack on several of the most promising can-

,

didates has been minimal (315, 338, 342).

| Objectives of continuing . metallurgical ccmpatibility testing
include (315) better definition of reaction mechanisms and kinetics, addi-
tional data necessary for repository design and performance assessment - analy-
sis, and developing and testing of predictive analytical models.
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Corrosion studies relevant to high-temperature geothermal brine
applications (343, 344) performed under anoxic conditions are in good agree-
ment with the geologic repository salt brine investigations (315, 342). In
both cases, titanium alloys show outstanding performance as a barrier (i.e., I

| canister, overpack, sleeve) material, and several nickel-based alloys show
comparable properties.

Metal corrosion data relevant to materials selection for hard -
rock repositories (e.g. basalt, granite, tuff) under expected. repository con- |
ditions are not as extensive, but additional studies are planned (306). Hard !
rock ground water is not expected to be as corrosive as brines, however, and
there are applicable results from the Swedish waste management program
(345-347). For unreprocessed spent fuel disposal in granite, thick copper
canisters were evaluated to have service life in ground water of thousands to
hundreds of thousands of years. l

Although evaluation of candidate metallic barrier materials is

not complete, available data indicate that several alloys are capable of main-
taining their barrier integrity for extended time periods under expected salt
or granite repository environmental conflitions. Metallic barriers are there-
fore expected to have a significant role in spent fuel package systems.

:

II.E.1.5.3.2 Ceramics |

In general, ceramics offer gcad resistance to chemical degrada-
tion. Several candidates have been selected which show strong resistance to
phase changes and hydration reactions (337). Also, in general, ceramic

materials are very resistant to radiation damage (348). Additional work on
these materials as package components is planned (306). As part of the

Swedish waste disposal program, aluminum oxide canisters formed by hot iso-
static pressing have been investigated for spent fuel disposal (347, 349).
Aluminum oxide appears in nature as corundum or sapphire. Like the diamond,

corundum is among the hardest natural materials known offering very high chem-
ical resistance over long (geological) periods of time (349). Tests in

granitic ground waters are being conducted at temperatures from 100 C to0

,
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! 3500 Preliminary results show that a canister of_ aluminum oxide withC

100-mm-thick walls can conservatively withstand the action of the ground water

j for thousands of years (347).

,

II.E.1.5.3.3 Carbon

i

Carbon' in its various forms offers an excellent combination -of
properties as a barrier to long-lived radionuclide transport. It is extremely

inert to essentially all reactive species at the temperature anticipated in
geologic repositories (337). Its stability in high-temperature radiation
fields in nuclear reactors has been extensively investigated and verified

(350). It is relatively inexpensive and easy to fabricate. Pyrolitic carbon
has been investigated as a coating for HLW pellets from reprocessing (351) to
increase their leach resistance but has not yet been specifically investigated
as a component in a spent fuel package.i

II.E.1.5.3.4 Glasses

Many glasses and glass-ceramic materials may be suitable as
candidates for waste barriers in the form of canisters, overpacks, or hole
sleeves. In general, glasses offer easier fabricability than ceramics, with
perhaps slightly less desirable chemical and physical properties when comparedi

to the most stable ceramic forms (337). Although easily discolored, glasses,
like ceramics, are very radiation resistant materials (352-357). Because of

~

<

their chemical stability (leach resistance and low solubility) as well as
radiation and thermal stability, glasses have been extensively investigated as

a waste form material (358-364). Natural glasses are well known and recog-
nized to have weathered well (365). Also, a glass-ceramic material, Corning's
spodumene glassceramic Code 9617, has received preliminary evaluation as a.

| canister material for disposal of spent fuel in a granite environment (346,
349); these~ early results indicate a corrosion rate of only about 0.01
cm/1,000 yr.
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II.E.1.5.3.5 Concrete

Concrete or grout cast in place to form a massive barrier

appears promising in sleeve ' applications. Work on cementatious borehole plug

materials shows those materials have very low permeabilities (366). Used as

monolithic concrete hole sleeve, such materials would be inexpensive and
extremely resistant to water ingress. Ordinary hydration-type concretes may
be limited unless shielding by other package components can be used to miti-
gate radiolysis effects. Also tempcrature levels must be kept below the maxi'
mum tolerated by a given concrete type. However, as noted above, work with
certain concrete material has shown promise (367-371).

II.E.1.5.4 Emplacement Hole Backfill

Studies and performance testing .on emplacement hole backfill
materials have been in progress for several years, in both the United States
and Sweden (339, _ 340, 345, 346, 372, 373, 374). .The following list shows
materials which have received attention:

Sand Attapulgite
Bentonite Peat-,

Borates Other clay minerals .

Zeolites Gypsum

Al 03Iron 2
Ca0 Carbon
Mg0 CaC12
Tachyhydrite Sand
Anhydrite Crushed host rock
Apatite Mixtures of the above

Backfill materials are being tested for selective nuclide sorp- i

tion capacities (for fission' products and actinides), to eliminate or signifi-
cantly reduce radionuclide migration,through the backfill barriers.* The

*Such materials are sometimes referred to as " getters" due to their ability to
retard the movement of certain materials.

i
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capability to prevent or delay ground water flow through the backfill is also
j being evaluated. Other properties of interest being evaluated (339, 340, 372)

are thermal conductivity, mechanical support strength, swelling, plastic flow,
and forms and methods for emplacements.

Recent studies (339, 372) have focused on the testing and de-
velopment of smectite clay and sand barriers in the presence of several brine
compositions for utilization in a salt repository. Screening studies have

j

been completed on various clays, natural soils, and zeolites, as a function of'

solution salinity, pH, flow rate, and temperature. The sorptive capacities
;

for Eu, Pu, Am, Cs, and Sr in brine have been measured for smectite clay (hec-'

torite and bentonite / montmorillonite) and sand mixtures. The actinides -plu-

tonium and americium sorb very well (Kd values about 2000 ml/g) and Eu, Cs,.
and Sr sorb moderately (Kd values about 200 ml/g). Mechanisms of nuclide
retention are ion exchange and precipitation, plus other chemical and physical
sorptive processes. Recently published data (375) indicate that reaction
kinetics are influenced by streaming potentials, chemical speciation, and
adsorption selectivity under repository conditions. Existing data (339, 372,
374) suggest that a properly chona,1-ft-thick backfill barrier surrounding a
waste container could delay the breakthrough of Pu and Am (defined as 1% of
original concentration) through the barrier for periods of 10,000-100,000
years, dependent upon the interstitial brine flow rate. Concurrently, the
breakthrough of Cs, Sr, and Eu could be delayed for 1,000-10,000 years, which
is sufficient time for nearly complete decay of those radionuclides. A wetted
clay / sand mix also swells appreciably, yielding a nearly impermeable ground
water barrier.

Backfill studies in Sweden (340, 346, 376) on bentonice clay,
clay / sand mixtures, and barriers of the zeolite mineral clinoptilolite yield

I similar results: a 0.2-m . backfill barrier of clinoptilolite could delav the

breakthrough of Cs and Sr in ground water for about 10,000 years; o 1-m thick
clay / sand mixture could delay the release of Pu and Np for about 2,000,000
years.

Other ongoing ' programs ~(377, 378) are generating additional
data for backfill barrier _ utilization. One activity (377) involves testing
the radionuclide- sorptive behaviour of various rocks and minerals. Sorption
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has been shown to be an important potential barrier to nuclide transport
(374). The sorptive capacity of several minerals for anionic radioactive

! - ch'emical species, such as iodine and technetium, is also being studied (373)
along with the increased sorption of technetium under reducing conditions is
being investigated (365). Others are studying related waste / rock interactions
under high temperature, high pressure, aqueous conditions (378) providing
sorptive capacity information for various shales and clay minerals.

Currently available data on emplacement hole backfill barrier *
performance (339, 340, 374, 376), particularly in regard to radionuclide sorp-
tive characteristics, indicate that backfill materials can effectively con-

tribute to the isolation of radioactive wastes in a geologic repository in the
preser.ce of brines and other ground waters. Further work on these backfill
barr aers is in progress (117, 339, 372, 374, 379) for better characterization
and engineering development.

I;.E.1.6 Waste Package System Component Interactions

Waste package system component interactions (e.g., between the
waste canister and the emplacement hole backfill) is of importance for evalu-
ating the compatibility and effectiveness of the entire system. Chemical
and/or physical interactions among the waste package / adjacent host rock /
intruding ground water system also must be evaluated in the same light.

Swedish studies (340) on radionuclide release in a repository
concluded that a bentonite clay backfill, in conjunction with a thick copper
canister (with spent fuel inside) could prevent the release of radionuclides
to the host rocks in the presence of granitic ground water, for thousands to
hundreds of thousands of years. In those studies the clay barrier served to

chemically condition the ground water, reducing its corrosiveness on the can-
ister. The proposed Swedish package was recently reviewed by a National
Academy of Sciences subcomittee which judged that its effectiveness to con-
tain the radionuclides in spent fuel for hundreds of thousands of years has
been adequately demonstrated (380).

Studies pertinent to mined repositories in salt (338, 372,
374 ), are in progress to characterize further the interactions between
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candidate backfill-getter materials and waste container (canister, overpack)
alloys. These same studies (338) are investigating dry rock salt / metal
interactions and high intensity radiation / salt / brine / metal interactions.
Available results indicate - that, with the appropriate selection of barrier

materials, few or no' deleterious effects are observed.
Similar interactions (e.g., waste package system / host rock) are

in progress utilizing simulated spent fuel, shales or basalts, appropriate

ground water compositions, and hydrothermal conditions (333-335). Potential
canister materials will be introduced into these studies this year.

Other accelerated aging (hydrothermal) tests with waste form,
host rock, and ground water appropriate to several geologies are under way
(316). Further tests are being initiated (313) jointly between Pacific North-
west Laboratory (PNL) and Sandia National Laboratories, utilizing all compon-
ents of the waste package system and a bedded salt host rock under the same
conditions. These tests will be conducted in a hot cell using highly radioac-
tive waste forms. Results from this series of tests will be used for analyti-
cal model formulation and verification under expected near-field conditions.

An extensive series of underground experiments in a salt mine,
utilizing spent fuel as well as electric heaters, was conducted near Lyons,

Kansas, over 10 years ago. This series was designated r roject Salt Vaulte

(381). Tests included corrosion studies in salt; radiation effects on rock

salt (which showed no radiolytically formed chlcrina gas and no detrimental
effects on the salt); and measurements of brine moisture migration (which
showed the migration rates to be low) (117).

The available in situ data, along with the available results of
other studies discussed here, supported by the conclusions reached in studies.
of individual barrier components, indicate that the waste package system can
provide a very effective barrier to the release of waste radionuclides to the
near-field host rock, and subsequently to the biosphere.

.

II.E.1.6.1 Systems Analysis
L
|

To evaluate further potential performance of conceptual package
designs, some preliminary system analyses have been done (see also II.F.1).
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The actual design of a waste package system will depend on the specific char- ;

acteristics of the repository site for which it is intended, in particular the
host rock physical properties and attendant ground water chemistry. However,

sufficient evaluations of conceptual package designs have been done, coupled
with the knowledge of the basic engineering properties of a wide variety of
construction materials, to demonstrate package system feasibility (337, 382).
Such work is a continuing activity to refine and narrow the wide range of
design options as performance criteria are better defined, materials property
data are improved vis-a-vis expected repository conditions, and more informa-
tion becomes available on specific candidate sites.

Recent design studies (337) have assumed conservative package
0critcr ia, e.g. , 1,000-year life and a maximum package temperature of 250 C.

Af ter examination of a number of options and a wide variety of candidate com-
ponent materials, four basic design options were developed. The first option

consists of two barriers and assumes that the stabilizer is :.ot impervious and
does not sorb nuclides (significant flow channels are present). The two

barriers are a " corrosion-resistant" metal canister and a tailored backfill.
The tailored backfill is a nuclide migration barrier, a cushion to reduce

stress durring borehole closure and a water barrier. The canister also serves
as a water and nuclide barrier. The second option includes a mild steel can-
ister with the addition of two water /nuclide barriers; an overpack and a

sleeve. The concept can be considered a two-barrier design if one assumes
that the mild steel may rather quickly corrode. The third option is similar

to the second but considers the canister to be corrosion-resistant. The last
option considers a corrosion-resistant sleeve with a tailored backfill and
either a mild steel can (three barriers total) or corrosion-resistant can
(four barriers total).

Even with the rigorous criteria conditions assumed above, it
appears that application of any of the four concepts is feasible in either

! salt or hard rock repositories (337). For salt (brine) application,
! titanium , zirconium , or nickel-based alloys in thicknesses of about 1 in.

(2.5 cm) or ceramic or graphite materials, in thicknesses of perhaps 2 to 6
in. (5 to 15 cm) represent conservative designs for long-lived barriers, based

|
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on current knowledge of their corrosion and radiation resistance. . Cements, to
exclude water, and special backfill materials, such as bentonite clay, for
eter sorpUon, ion sorption, or ion retardation, may be required in much

thicker sections, e.g., from several inches to several feet (tens of centi-
meters) (376), but have the potential to retard or retain various-isotopes for
periods from hundreds to many thousands of years.

For application in waters of low ionic strength, pertinent to

granite or basalt, for instance, other materials are being considered. Alloys
of iron, (e.g., cast iron) in thicknesses of perhaps 2 to 6 in. (5 to 15 cm)
and lead- and copper-base alloys in thicknesses of 1 to 4 in. (2.5 to 10 cm)
can be added to the list of candidate materials for canisters, overpacks, and
sleeves.

Subsequent work used the aforementioned four basic concepts in
further systems analyses of package concepts (382). Many combinations of
conceptual designs and candidate materials were examined for general reposi-
tory conditions in basalt, granite, salt, and shale. Although the results of
this study must be considered preliminary, the authors concluded that, for all
four geologies, packages could be designed with life expectations beyond a
thousand years.

II.E.1.6.2 Summary

In summary, spent fuel and its Zircaloy cladding are corrosion-
resistant, low-solubility materials. Candidate canister materials are expect-
ed to last up to a thousand years, based on current knowledge of their corro-
sion and radiation resistance. Further, current work on candidate emplacement
hole backfill materials has demonstrated the potential to retard or retain
certain nuclides for thousands of years. Although not all candidate materials
have been evaluated with all potential host rocks and waste packages for spe-
cific sites have not been designed, currently available data indicate that.
appropriate materials and components will be available when required to design
and~ construct the necessary waste package systems.
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II.E.1.7 Alternate Waste Forms i

As previously described, the waste form upon which this State-
mant is based is' spent fuel (see Part I). Nevertheless, a number of other

'

waste forms have been and are being studied (383, 384). For the sake of com- k
E |pleteness, these are reviewed here. ,

Prior to the decision to defer reprocessing, significant prog-
ress had been made in the development and testing of waste forms, such as
glass, for wastes generated by commercial reactors. Subsequent to that deci-

,

sion, the emphasis of work on alternate waste forms has shif ted to defense-
'

related wastes. The Department is continuing to sponsor work on alternate )
forms, and it is fully expected that the results and technology developed
would be transferable, in large part, to the commercial waste program and ;

existing liquid wastes (379). f
Historically, glass, particularly borosilicate glass, has been

the major focus of alternate waste-form work, and in 1977 it was selected as

the reference material (385). Small-scale operating facilities have demon- !

strated practicality of the vitrification proces's (379). In addition to U.S.
work, studies and pilot plants involving glass are under way in France,

Germany, Belgium, and England. Recently, however, more attention has been .

devoted to other waste forms and studies are being conducted to evaluate their

characteristics (384).

i
. 'II.E.1.7.1 Candidate Waste Forms . ;

'
.

The brief descriptions of several alternate waste form candi--

dates given here are followed by descriptions of the current development
status of the various forms.

_

Three of the waste forms being considered for on-site disposal
of existing wastes include calcine, obtained when the waste is fired to a

~

300 C-7000C; clay, in which the waste is solidified0mixture . of oxides at
by mixing with clay to absorb water; and normal concrete, in which the waste ,

is set to a solid in cement. These forms would primarily be candidates for
1

{\
'

ttn
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on-site disposal, since they~ use available technology and are marginal-to-good
in leach resistance but offer little intrinsic resistance to transportation

accidents. ,

1

Four candidate forms for near-term applications include hot->

pressed concrete in which interconnected voids and excess water _ have been
eliminated from the normal concrete; pelletized calcine in which the calcine
has been agglomerated and its solubility in water has been reduced by firing |

the waste with various additives; glasses,_ of which borosilicate glass is the
leading contender (but a large number of other glass formulae are possible);-
and clay ceramics in which the waste-clay. mixtures are fired to ceramics.
These forms are viewed as current choices for a near-term waste immobilization
plant. A considerable amount of evidence indicates that glass is one of the
best of these forms.

Three additional forms being investigated include supercalcine
in which specific additives are incorporated in the calcine mixture with the
objective of producing an assemblage of highly stable, highly leach-resistant
minerals (silicates, oxides, molybdates and phosphates) af ter firing; SYNROC,
in which firing or hot pressing is used to produce a similar series of

titanate and zirconate minerals; and glass ceramic, in which a waste glass is
deliberately partially devitrified under controlled conditions . to produce a
more stable form.

Finally, three possible composite waste forms are being con-
sidered as candidates. They include matrix forms in which pellets of glass,
supercalcine, and other waste forms are incorporated in a metal binder; multi-
barrier forms in which the individual waste particles are coated with carbon,
Al 0 , or other impervious materials before being incorporated in a metal23

' or other matrix material; and . cermets in which small waste particles are

formed in situ in a metal matrix.
| These. last six forms (and other closely related forms) are the -

primary candidates for advanced waste form ~ development. Of the .six, only

glass pellets in a metal matrix are presently well- characterized and available
for large-scale use. Their development aims at achieving properties -con-
sistent with disposal criteria and the possibility of such an achievement is
in most cases supported by limited experimental data.
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II.E.1.7.2 Alternate Waste Form Development Programs

i

The Department's wasteform development programs are widely dis-
persed through the Department's waste processing sites, Department of Energy
national laboratories, industrial laboratories, and universities, in order to

.

secure the widest possible input. The following subsection describe the waste
forms which are under active development.

'

II.E.1.7.2.1 Calcine

Calcine waste form development is largely centered at the Idaho
,

Chemical Processing Plant (ICPP) (386), where a long-term program has been
pursued to calcine all the plant high-level waste for either interim or. per-
manent storage. Current studies there and at Pacific Northwest Laboratories
(PNL) (387, 388) on calcine waste forms concentrate primarily on pelletizing
the existing calcines, either for direct disposal or for incorporation in a
matrix system (389). Work on calcines also is in progress in the supercalcine
program (390) and--calcine as a intermediate--on the borosilicate glass pro-
grams at PNL and at Savannah River Laboratory.

1

II.E.1.7.2.2 Rich Clay

Rich clay and related clay solidification forms are being |
worked on largely at the Department's Hanford Site as a means for I

immobilization of Hanford wastes, including in-tank solidification.

II.E.1.7.2.3 Normal Concrete

Normal concrete high-level waste forms have been the subject of
a great amount of work (379, 384, 391-394). Major efforts have been at

Brookhaven National Laboratory, Oak Ridge National Laboratory, Pennsylvania
State University, and Savannah River Laboratory. However, most current work

~
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on concrete waste forms is concentrated on in-place applications, such as the
Oak Ridge shale hydrofracturing with grout, on the newer higher integrity
concretes described below, or on low-level waste applications.

II.E.1.7.2.4 Hot-pressed Concrete

,

Development of elevated temperature and pressure waste forms is
being pursued primarily at Oak Ridge National Laboratory under their FUETAP
(Formed Under Elevated Temperature and Pressure) program (370). Pennsylvania

State University has developed hot-pressed concrete forms (371, 395, 396) and

other tailored cement formulations (397).

II.E.1.7.2.5 Borosilicate Glass

Borosilicate glass is generally accepted as the best currently

| available imobilization form for high-level nuclear waste. It is the most

well-developed form and is continuing to receive the largest share of the

i
development effort. The U.S. effort is primarily focused at Pacific Northwest
Laboratory and at Savannah River Laboratory (360, 398-401). Work on adapting

the borosilicate glass to their particular waste compositions is also under
way at each of the waste processing sites (402, 403).

II.E.1.7.2.6 High-Silica Natural Glasses

| The high silica natural glasses known as obsidians and tektites

| have persisted for long periods in both terrestrial and lunar environments.
0' However, these glasses melt at about 1,600 C, a temperature high enough to

drive off most of the ruthenium and cesium radionuclides from the waste during

processing. Several proprietary processes are being investigated for low-
temperature formation . of' high-silica glasses containing high-level wastes-

(404,405).
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II.E.1.7.2.7 Clay Ceramics

For clay ceramics, adding aluminum silicate clays such as

kaolin ' or bentonite to the waste typically produces an insoluble cancrinite
type material. This material can be fired to a nepheline-like ceramic. Some

consideratica is being given to those materials; however, most of the atten-
tion is focused on the more-advanced ceramic analogs of long-lasting natural
minerals in the tailored ceramic (including supercalcine) and SYNROC r.ograms
considered below.

II.E.1.7.2.8 Supercalcine

The tailored ceramics are under study at Pennsylvania State
University (406-409). Working in cooperation with the Pacific Northwest

Laboratory, investigators added various chemical modifiers to liquid or solid
waste prior to calcining, sintering, or hot pressing to produce synthetic

analogues of stable natural minerals; calcining is followed by hot pressing or
'

sintering to ceramic waste forms. They are continuing this work in coopera-
tion with PNL and the Rockwell International Compai. (410).

,

II.E.1.7.2.9 SYNROC,

These materials, assemblages of synthetic titanate and

zirconate minerals proposed for use as waste forms, are based on natural

analogues that have persisted in nature for very long times and that can be
sintered or hot pressed to ceramic forms (411). Lawrence Livermore Laboratory
is working on SYNROC development. In addition, SYNROC-type compositions are
being studied . in a number of the other U.S. waste form programs on an

exploratory basis.

II.E.1.7.2.10 Titanates, Niobates, and Zirconates
,

Certain of these compounds were developed by Sandia National
Laboratories (412) as mineral ion exchangers. A small program is in progress

1

4

-II - 157
<



to determine the practicality of hot pressing or sintering them to waste
~

forms. These materials are also being considered as engineered barriers
around the waste forms.

II.E.1.7.2.11 Glass Ceramics

One form of glass ceramic can: be made by sintering or hot
pressing the mixture of waste and glass frit (413) rather than by melting as
in normal glassmaking practice. The resulting lower temperature processes
have some attraction in reducing radionuclide volatilization and chemical
corrosion; they have received limited attention for the fluoride-containing
wastes at ICPP (403, 414, 415). The more common forms of glass ceramics are
formed by controlled devitrification. PNL is pursuing a small ' program in this
area in cooperation with a larger program in the Federal Republic of Germany.

II.E.1.7.2.12 Matrix Waste Forms

Metal matrices can be used with most of the waste forms dis-
cussed above (such as calcines, concretes, glasses, ceramics, and artificial
minerals); the waste forms can be of small size and dispersed in a metal ma-
trix for better heat transfer, reduced frangibility, easier process sampling,
and additional leaching barriers. Low-melting alloys of Pb or Al can be cast-
around the waste particles, while high-melting metals can be sintered around
the particles at temperatures of abcut two-thirds of their melting tempera-
ture. Metal-matrix waste form work in the United States is primarily concen-,

trated at Argonne National Laboratory and Pacific Northwest Laboratory (416,
417).

Matrix waste forms with additional barriers can be made by
coating the waste particles with impervious materials such as carbon, alumina,
or silicon carbide before placing them in the matrix. Such coatings provide
additional barriers against waste leaching and also allow the use of high-
temperature matrix-forming processes by reducing radionuclide volatilization.
Concretes, sintered ceramics, and other materials can be used rather than

metal as the matrix when coated particles are used. The primary U.S.- effort

II - 158



__ _ __ ___

cn these multibarrier forms has been performed by Battelle Memorial Institute
in their Pacific Northwest and Columbus Laboratories (390, 418). Considera-

tion is also being given to applying the coated-particle technology, developed
by General Atomic Company for their high-temperature, gas-cooled reactors, to

*

the multibarrier forms.

II.E.1.7.2.13 Cermet

These cermet high-level waste forms are a particular matrix
form in which very fine waste particles are dispersed in a metal matrix,
usually by in situ precipitation. Oak Ridge National Laboratory (419, 420) is
developing a particular waste cermet in which the wastes (and additional metal
formers) are dissolved in urea, and the metal formers are reduced from the
solution to form a Hastelloy-like (trademark of Cabot Corporation) alloy
containing finely dispersed nonmetal waste particles.

II.E.1.7.3 Alternate Waste Form Summary

In summary, work on the development of alternative waste forms
is actively under way, with emphasis on defense wastes. While the representa- ;

tive waste form discussed in this statement is spent fuel (see I.A), the

evolving alternate waste form technology could be applicable to other forms of
commercial wastes, should the need arise. Also, supported by the current

(mainly defense-related) work, this technology provides the Department's waste |
management program a high level of flexibility and a large number of options. |

|

II.E.1.P Waste Package Summary

This discussion of the waste package, which is one component of
the man-made systems of mined geologic disposal, has described possible pack-
age components and candidate materials from the standpoint of the Department's
current state of knowledge and the programs in place or planned for their
further development. From the discussion, it is obvious that much remains to

be learned about individual package components and their interactions within
the waste repository environment. Nevertheless, a large body of information
is available and it continually is growing. The large number of options open
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to the NWTS Program due to the diversity of. the studies described provides a'
large measure of confidence that several acceptable waste package combinations
will be identified. Based on currently available knowledge, it is expected

,

| that the waste package system will meet the stated criteria. The waste pack- ,

1 |

| . age will be a multibarrier system in itself to enhance confidence . that the
total package system will function as an effective barrier to radionuclide

release to the near-field host rock. The waste package will work in concert
,

with other man-made system components and with the natural system to provide
additional multibarrier redundancy and attendant assurance of adequate con-
tainment and isolation.

II.E.2 Repository System

As discussed in Chapter II.C, the repository system will pro- i

vide for the receipt, inspection, transfer. to the underground, emplacement,
! and containment after closure of radioactive waste. The waste will be

emplaced in a manner that would allow ' retrieval, if necessary, during- the
operational phase of ^the repository. Provisions for decommissioning and
monitoring will also be made.

;

| In the design of a repository, consideration will be given to
both long-term containment and isolation and operational factors.

As stated in Chapter II.C, the surface facilities of a reposi-
tory are similar to those now used in the nuclear industry. Radiation protec-
tion practices in the repository, therefore, will be similar to those used in -
other nuclear f acilities and thus are not - discussed here. Radiation protec-,

f

tion, as a factor in the overall assessment of repository performance, is.!

|. discussed in Chapter II.F. Repository support facilities and' underground
workings are also similar in many ways to those common to the mining indus-
try. Therefore, issues not uniquely 'related to radioactive waste reposi-

tories, such as the construction of support facilities, are not' discussed here.
| The - long-term isolation. requirements- important to repository.

structure are:

_
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:
,

1. Limiting the impacts of the development and oper-
| ation of the repository on the containment and

isolation ' capabilities of the natural and manmade
systems.

.

2. Enhancing the natural containment and isolation
capabilities of the repository system through the
use of engineered barr.iers. I

1

The potential long-term impacts would arise from the following factors:

1. The excavation of underground disposal areas.

2. The introduction of heat generated by the waste.

3. The introduction of radiation - generated by the
waste.

4. The introduction of penetrations such as explora-
tion boreholes, shaf ts, and tunnels into the rock
mass.

The possibilities for enhancing the containment and isolation
capabilities of the natural system include, principally, the use of sealing
and backfill materials that will retard radionuclides.

,

During the operational period, the stability of the structure

must be ensured throughout the waste emplacement and retrievability phases.
Stability is discussed in aabsections II.E.2.1 and II.E.2.2.

Each of these factors is discussed in terms of (i) its impacts
on the natural system and importance to repository design, (ii) the require-
ments placed on repository design to avoid or mitigate impacts on the system
or to take advantage of measures that would enhance isolation, and (iii)| the
status of the Department's ability to meet these requirements.

II.E.2.1 Excavation and Underground Development

This subsection discusses two potential impacts that must - be
considered in the excavation of a repository: (i) fracturing around the pe-
rimeter of the tunnels and rooms and ~(ii) impact on in situ stress states and
its implications for long-term containment and isolation.
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II.E.2.1.1 Potential Impacts

II.E.2.1.1.1 Fracturing Due to Excavation

Conventional mining techniques, such as drilling and blasting
or continuous mining, will be used in developing the underground facilities of
a repository. Continuous mining can generally be used for softer rocks such

as salt (421). The use of drilling and blasting is necessary in the harder
rocks (422, 423). When the explosive charges used in the drilling and blast-
ing techniques are detonated, the local rock is shattered and the broken ma-
terial is collected and transferred to the surface or used as backfill under-
ground. Continuous mining systems employ a machine to continuously remove the
material from the development area. As the material is removed, it is either

continuously transported away from the operating face to the surface or used
as backfill material (423, 424).

During tha excavation process, the balance of the forces pre-
sent in the geologic formation is altered. As the formation reestablishes
equilibrium, effects such as localized cracking can develop. Therefore, frac-
turing around the perimeter of the excavated areas can result from the direct
effects of blasting or from stress concentration effects around the excavation
and reestablishment of equilibrium (423). Fracturing around the excavation,
if cxtensive, may provide a potential pathway for ground water. The extent of
this fracturing depends on the rock type, the extent of natural fracturing,
the depth, and the excavation technique (423).

|
,

II.E.2.1.1.2 Mine Stability

| The excavation of rooms and tunnels underground will induce a

| new stress state and displacement field in the host environment. The nature
of these stresses and displacement fields depends on the cross-sectional geom-
etry of the excavation, the layout of the tunnels and rooms, ad the extrac-

tion ratio (the ratio -of the volume removed to the volume remaining) (423).
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Consideration of these factors in the design of the excavations is of impor-

| tance to safety during the operational phase. While the objective of conven-
| tional mining is to achieve the maximum amount of extraction (removal of ore,

mineral, etc.) at the lowest cost, the design of the underground waste reposi-i

tory is based on extracting only what is necessary to provide sufficient space '
4

for waste emplacement. Extraction ratios are therefore chosen in the 10%-20%
range, whereas in a conventional mining operation the extraction ratio can be
as high as 90% (425). With these low extraction ratios, mine safety during
operation is enhanced. (See Chapter II.E for further discussions of opera-
tional safety.)

Of interest to long-term containment and isolation is the pos-
sibility of subsidence in the strata overlying the repository, which might
lead to adverse perturbations in the hydrologic regime (426). Mine stability

is also discussed in Subsection II.E.2.2.

II.E.2.1.2 Excavation Requiremer M

Excavation requirements for the repository structure are:

1. Excavation of the repository must not introduce
potential ground water flow paths by virtue of
fractures caused during excavation. Therefore,
if blasting techniques are used, control must be
exercised in designing blasting patterns and
selecting charge sizes and sequences of detona-
tion. The low extraction ratios and room geome-
tries anticipated in repositories should limit
the extent of fracturing due to stress concentra-
tions (423).

2. Extraction ratios will be maintained at conserva-
tively low levels to ensure that repository sta-
bility satisfies the appropriate thermal and
thermomechanical limits (426).

II.E.2.1.3 Status of Knowledge Relative to Excavation

Vast experience has been gained in the excavation of various
kinds of underground facilities. Fracturing during drilling and blasting
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; operations is limited by controlling such parameters as the size and type of
charge, the configuration of drill holes, and the sequence of detonation.
Controls of these types are used extensively in the excavation of undergroundr

facilities . intended for storage purposes and for long-term operations (427);
examples are caverns for compressed air and natural gas storage. In situ !

tests are in progress to confirm their suitability for the excavation of mined
geologic repositories (428). It is believed that no further technological

advances are needed in this area (429).
The extent of subsidence of the ground surfaces will be reduced

by employing relatively low extraction ratios and backfilling the excavated
areas af ter waste emplacement. Although it is impossible to backfill an area
completely to the original density of the rock mass, the backfill material
does contribute to the support of the overburden and limits the subsequent
amount of subsidence. The backfilling of excavated areas in mines is a stand-

,

ard practice for achieving long-term stability. This backfilling, in con-

junction with the already low extraction ratios, makes the volume of the ex-
'

cavations that will remain unfilled so small in relation to the remaining host-

'

material that subsidence will not be a significant problem (430).<

,

-)
II.E.2.2 Thermal Effects

Limiting the impacts of heat generated by the waste is a prin-
cipal consideration in the design of a repository (431, 432). The repository
must provide assurance that thermomechanical and thermochemical interactions
will not endanger the structural stability of the repository or the integrity
of the host medium, cause significant impacts on the hydrologic properties, or
lead to premature degradation of the waste package.

II.E.2.2.1 Potential Thermal Impacts.;

t'

|!
The introduction of heat and the associated temperature rise in

the repository could affect the stability of the structure (thermomechanical
impacts), which is only of concern in the long term if it adversely influences

.,

9

>
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the structural integrity of the waste package or the hydrologic properties of
the surrounding rock mass. Heat will also affect the chemical interactions

| between the waste package and the fluids contained in the rock in the near
field (thermochemical impacts). Finally, there may also be thermal impacts on
the hydrologic system (thermohydrologic impacts). These impacts are discussed
in the paragraphs that follow.

II.E.2.2.1.1 Thermomechanical Impacts

The introduction of heat into the natural system will increa;
the temperature and thus induce stresses in the host rock and surrounding
media (433, 434). These stresses will be superimposed on the existing stress-
es and must be considered in design to ensure structural stability of the

repository. The heat generated by the emplaced waste will cause the rock mass
to expand, thus inducing surf ace uplif t. In the long term, as the heat is

dissipated, the surface will subside. Displacement of the overlying rock mass
may cause fracturing in the rock, thereby giving rise to perturbations in the
hydrologic flow regime. In addition, heat may modify the thermal and mechani-
cal properties of the rock; for example, an increase in temperature will en-
hance the ductility of a rock but reduce its ultimate strength.

II.E.2.2.1.2 Thermochemical Impacts

The thermochemical impacts of principal interest in repository
design are those that would accelerate the degradation of the waste package
and the migration of radionuclides away from the package. The introduction of
heat into the system will change the environment in which the waste was
placed. The design of a waste package capable of withstanding the heat-
altered environment is discussed in Section II.E.1.

One of the possible thermochemical phenomena is the influence
on the waste package of incursion of fluids into the very near field through,
for example, brine migration up the thermal gradient in salt or the'decomposi-
tion of hydrated minerals and the liberation of water, as might occur in some

.
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argillaceous rocks. Incursion of water is less likely in granites and ba-
salts, owing to the limited quantities of contained fluids and hydrated miner-
als (433, 435). However, waste package interactions with water in fractures
in these rocks will be influenced by the temperatures in the repository. For

example, metal corrosion is accelerated in the presence of heated fluids.

II.E.2.2.1.3 Thermohydrologic Impacts

In addition to the thermomechanical impacts on the hydrologic
system and the thermochemical introduction of free fluids into the very near
field, the heat generated by the waste may also perturb hydrologic flow re-
gimes by affecting fluid pressures, decreasing fluid viscosity, or inducing
convection cells (435, 436).

.

II.E.2.2.2 Thermal Requirements

The magnitudes of the potential impacts described above are
dependent on the temperatures reached in the various components of the reposi-
tory system. By restricting temperature, unacceptable impacts can be avoided.

,

Therefore, the following requirements will be specified:

1. The temperatures in the mined geologic disposal
system will be restricted to limits within which
thermal impacts on the system can be (i) predict-
ed and (ii) shown to cause no significant degra-
dation in the system's containment or isolation
capabilities (437).

.

2. To ensure that the potential impacts of the phe-
nomena described in Subsection II.E.2.2.1 are

| controlled, limits will be set for the maximum
j temperatures of the (i) waste package, (ii) seal-
|

ing materials, (iii) rock mass, and (iv) neigh-
boring aquifers (438-441).

3. Temperatures in the repository during the opera-
tional period will be limited to maintain stabil-
ity, .thereby protecting the repository personnel
and retaining the option of waste retrieval
(439-441).

.
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Temperature limits are necessary to maintain structural and ;

) geochemical integrities of the waste package and sealing materials; to ensure
protection of the structural integrity of the rock mass and to minimize
changes in permeability; and to prevent irreversible perturbations of the
ground water flow systems (438).

Temperature limits are highly dependent on the characteristics
of the waste package, the site, and the host rock. Temperature limits can be
determined for different generic host formations but will be reevaluated and
refined on the basis of site-specific data for proposed repository sites (438).

!
,

II.E.2.2.3 Status of Knowledge About Thermal Effects

The status of knowledge about thermal effects is presented in
this section by describing the design process for minimizing the impacts of
thermal effects and presenting two examples. The. first example is typical of
the development of thermomechanical design specifications; the second example
is a study of fluid migration, which is one of the thermochemical phenomena.

II.E.2.2.3.1 Design Process

In the process of designing a repository to minimize the influ-
ence of thermal impacts, three steps are followed (438, 441-443):

1. The thermal limits are prescribed in terms of
,

allowable temperatures, stresses, and deforma- |tions in the system. These limits are based on
an understanding of the physical processes con-
trolling the behavior of the system and on the
observation of the response of the components of
the system in laboratory and in situ tests.

2. Models that analyze the temperature, stress, and
hydrologic perturbations in the rock mass due to
facility excavation, spent-fuel emplacement, . and
sealing are used to determine the _ desi
cations (e.g., . thermal power density) gn specifi-.that must
be applied to ensure that the thermal limits are
not exceeded.
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3. A design is developed that satisfies the pre- |
scribed -thermal limits and other applicable de-
sign constraints.

The status of the capability to proceed through each of these steps is de-
scribed in the paragraphs that follow.

Qualitatively, temperature limits are based on a physical
understanding of the processes and characteristics of potential deformation
and failure in the waste package, sealing materials, and the rock mass over
the range of environmental conditions expected in the repository system.
Quantitatively, limits are established from the results of laboratory and in'

situ tests and the observations of the behavior of natural geologic systems
under conditions of elevated temperature and pressure. Furthermore, the

limits are quantified for each geometric zone of the repository and for time
periods of repository performance.

The perturbations of temperature and stress that are induced in
a rock mass by repository excavation, spent-fuel emplacement, and sealing, are
calculated by means of mathematical models. They are dependent on both time

and space. These models, described in Section II.F.1, require the following
data for application to a particular situation:

1. The heat-generating characteristics of the spent
fuel (see II.C).

2. The geologic, geotechnical, geochemical, hydro-
logic, thermal, and mechanical characteristics of
the host-rock mass (see II.0).

) In the design of the repository, the maximum temperatures in
the waste package, the engineered barriers, and the rock mass will be con-
trolled by limiting the thermal loading in the repository.' This can be ac-
complished by (i) aging the waste to reduce the amount of-heat that is gener-
ated af ter emplacement, (ii) limiting the number of spent-fuel assemblies per
canister to reduce the thermal output, or (iii) limiting the number of waste
canisters per acre of the repository. Each of these options will be consid-
ered on a site-specific basis. The lower portion of Figure II-22 (444) shows
the reduction in thermal power per assembly of BWR or PWR fuel with fue1~ age.
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The thermal output of the fuel can be reduced more than 50% by aging for a
period of 10 years af ter removal from the reactor. The upper portion of the I

figure illustrates the number of fuel assemblies of a certain thermal power
that can be emplaced per acre to achieve the desired thermal power density.

II.E.2.2.3.2 Example: Development of Thermomechanical Design Specification

In early design studies for Hl.W repositories in bedded salt,

temperature limits were quantified for the very near field and the far field.
In the very near field, the maximum temperatures that could be sustained in
certain volumes or regions of salt around the canisters were quantified on the
basis of observed salt deformations at elevated temperatures in laboratory
tests. Far-field temperature limits were established on the bases of allow-
able temperature rises in aquifers and on the boundary of the repository buf- i

fer zone. With thermal models, a thermal power density of 150 kW/ acre (37
2W/m ) for 10-year-old high-level waste was found to satisfy the temperature

limits for the assumed bedded-salt formation (445).
In more recent design studies for spent-fuel repositories in

generic bedded and domed-salt formations, limits were defined for .the thermo-

mechanical behavior of the various rock formations on the basis of a well-
established strength failure criterion for rock. In effect, the limit speci-

fled that none of the rock formations could experience strength failure as a
consequence of stresses induced by heat production from spent fuel disposal.
Conservative values of the strength parameters were selected from data for
generic rock types. Thermal and thermomechanical calculations indicated that

2at a thermal power denisty of 75 kW/ acre (19 W/m ), the failure criterion is
satisfied, except for a localized region of rock salt in the far field.

Therefore, for the limit assumed in this study, thermal power densities less
than 75 kW/ acre appear to be acceptable for repositories in domed and bedded
salt (446). Subsequently, these calculations were repeated for the purpose of
assessing the impact of variations in the thermal and mechanical properties of
the rock formations, . including the presence of joints in the nonsalt forma-
tions, and in the age of the spent fuel (28).
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Design studies like those just discussed have also been per-
formed for spent fuel ~ repositories in granite (441, 443) and basalt (448,
449). Temperature and thermomechanical limits have been prescribed for the
waste package, the engineered barriers, and the rock mass for the three repos-
itory geouetric zones of interest in relation to the various time periods of
repository performance. In order to meet these limits, computer models and
generic characterization of the rock masses have been used to determine the
required thermal power density, canister spacing, extraction ratio, excavation
geometry, and artificial support requirements. The values thus determined
provide design specifications, developed from ' conservative premises so as to
ensure safety in the performance of the repository over the long term. How-

ever, these specifications must be coordinated with operational considerations
,

during the excavation, spent-fuel emplacement, and closure periods, and with
requirements for retrievability in the event that option is exercised.

The above discussions demonstrate that a rational and consist-
ent approach to repository design is being followed in a rigorous and defen-
sible manner. The temperature and thermomechanical limits are being refined
by means of interrelated programs of laboratory and in situ tests and by anal-
yses of the long-term performance of natural geologic systems. Programs of

model development, refinement, and verification are proceeding in concert with,

the above efforts (450, 451). Specific examples of the results of these
studies are cited in the following discussions.

Accurate spatial and temporal calculations of temperatures can
be provided upon specification of temperature-dependent thermal properties
that have been measured for rocks being considered as repository host media
(114,452-454). Field measurements have been performed for locations where in
situ tests are in progress or planned (452, 455); they have also been per-

| formed to support modeling and design efforts for regions under investigation
I as potential repository locations (442, 448, 456). These model calculations

have been or will be compared with the results of field and laboratory tests

(see II.F.1) . These techniques will make -it possible to specify temperature
limits as well as thermal power densities and canister power levels that will
ensure that temperature limits are not exceeded in the repository system.
Examples of the expected temperatures in basalt, salt, and granite. are given
in Chapter II.C.
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i Near-field thermomechanical calculations have addressed pri-
marily the conditions that affect retrievability. These include room tempera- |

'

tures, room closure, and thermal stresses in the rock surrounding the room. I

Numerous calculations of temperatures in pillars have been performed (457,
458). Room deformations in salt, which incorporate transient ' and secondary
creep behavior, have also been extensively analyzed (451). Calculations for
periods of 25 years af ter emplacement, assuming no backfilling of the emplace-
ment rooms and no use of additional structural supports, have been performed
for basalt, granite, and salt (448, 459, 460). Stability criteria for hard

rocks involve the use of strength failure criteria, including the influence of
joints, at the computed temperature. For salt, the thermomechanical limits

are based on the room closure so as to allow retrievability without a need for
remining.

Calculations of surface uplift and perturbations in time re-
gional temperature field, including expected surface temperatures, have been
performed for generic repository environments in basalt (448), granite (443,
461, 462), and salt (432, 446, 447). These efforts have considered such fac-
tors as the thermomechanical behavior of the rock masses, parametric varia-
tions of the in situ stresses, rock properties, waste age and thermal power
density, sequential waste emplacement, shaft location with respect to the
waste emplacements, and perturbations of the ground water system. Parametric

studies of these types form rational bases for establishing repository design
specifications for site-specific situations.

II.E.2.2.3.3 Examples of Investigation of Thermochemical Phenccena--

Fluid Migration

Fluids are a comon component in the formation of rocks,
whether as a chemical constituent or as a vehicle .for deposition. Fluids
contained in rock can occur 'in three ways: as intracrystalline accumulations,

! (e.g., fluid . inclusions or negative crystals -in evaporites) as intercrystal-
line accumulations along crystal and grain boundaries, and as waters of crys-

| tallization, (i.e., water chemically bound to minerals in the rock).
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Contained fluids will be of concern if they are mobile, if they

can interact with the waste package, or if they can transport radionuclides
from the package into a hydrologic system. On being heated af ter waste em-
placement, any of these three forms of contained fluids may be mobilized.
Fluid mobilization depends on the rock type and the temperature and tempera-
ture gradients to which it is exposed. The mobilization of intracrystalline

and intercrystalline fluids in a thermal gradient has been studied for certain
evaporites (463, 464). A large body of information is available on the ther-
modynamics of phase alterations and the subsequent release of waters of crys-
tallization. There has also been considerable study of changes in the physi-
cal state of rocks in which the release has occurred (465). The importance of
each type of fluid varies widely among the various rock types under considera-
tion for repositary applications, as discussed in the following paragraphs.

Granite and Basalt . The only significant fluids that can inter-
act with the waste package in either basalt or granite will be those trans-
mitted through fractures with finite hydraulic conductivities, or those that

might be contained in any clays within the fractures. Apart from the fluids

contained in the fractures, neither intracrystalline fluids nor waters of

crystallization will be mobilized at the temperatures expected in repositories
U(less than 300 C) (465).
Bedded Salt, Bedded salt can contain from less than 0.1% up to

approximately 1% by weight of fluids (116) in all of the forms discussed |
above: fluid inclusions, intercrystalline fluids, and water of crystalliza- |

tion (116, 117). Studies of fluid migration have been performed during Proj- |
ect Salt Vault and for salt from the Los Medanos site in southeastern New
Mexico for the Waste Isolation Pilot Plant (WIPP). A general plan for evalu-
ating fluid migration has been formulated for the WIPP project (466). Factors

.

affecting brine migration have been described (467). Much of the information
available on studies through 1978 on brine migration in salt has been summar-

'

ized to support further experiments (468).
The information on the migration of fluids has been evaluated

and used to correlate the velocity of migration with temperatures and tempera-
ture gradients (469). These correlations have been used in the MIGRAIN code
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-(see II .C). Most of. the information analyzed was based on observatioas of
migration within single crystals. Therefore it was proposed that the greatest
uncertainty in the correlations was in the ability of inclusions to migrate
across crystal boundaries. Further experimental evidence indicates, however,

,

j that much of the intracrystalline fluid is trapped in the crystal or at the I

| crystal boundary, which limits the quantity of fluid available for release.
During Project Salt Vault, it was observed that the release of

fluid into heater holes increased markedly after the electrical heaters used
in the expericants were shut off and the salt cooled (116). It was suggested
that this phenomenon was attributable to an alteration in the state of stress
in the heated salt, which allowed fluids trapped in the salt to escape (469)
as the salt contracted.

The increase in fluid influx upon heater shutdown has been

observed in subsequent experiments (118,119). In the Salt Block II experi-
3ment (118), a 1-m salt block, taken from a potash mine in southeastern New

Mexico was heated by a 1.5-kW heater. A total of 110 g of fluid was collected
in about 100 days of testing. Temperatures of 200 C and gradients of

010 C/m were observed. More than 40% of the fluids collected was released
during the shutdown phase. Mineralogical analyses of the salt block are in

progress (470). In one examination, optical microscopy revealed the presence
of elongated tracks of fluid inclusions, oriented radially with respect to the
heater hole. Many of these tracks are terminated at crystal boundaries (at
the " heated" end) or within the crystal in which the inclusion originated.
Carnallite encrustations were found on the surface of the . hole containing the
heater.

The results of experiments completed to date can be summarized
as follows:

1. The presence in the salt-block sample of tracks
that terminate within the crystal or at crystal
boundaries supports the theory that fluid inclu-
sions may not be able to cross crystal bounda-
ries. Experimental evidence also indicated that
liquid migration might occur along grain bound-

| artes.

II - 174

. - .



_

2. The formation of carnallite on the heater hole
surface of the salt block indicates that some
brine (which contains many of the mineral con-
stituents of carnallite) did in fact reach the
heater in the liquid phase.

3. The increased influx of fluid upon heater shut-
down in all the experiments suggests that a sig-
nificant portion of fluid collected may be at-
tributable to experimental conditions, such as
the relatively rapid cooling of the salt, which
are not expected in a repository environment.

.

4. An additional mechanism of fluid migration has
been proposed: vapor phase transport. It has
been suggested that this effect is also a cause

-

of increased fluid influx due to experimental

conditions (464).

Further tests are planned to resolve whether these mechanisms (brine migratica
or vapor phase transport, or both) will apply under actual repository condi-
tions.

Dome Salt. In general, dome salt contains fewer fluid inclu-
sions than bedded salt and less total fluid (approximately 0.2%) (471).

Shales. The amount and type of fluids contained in shales de-
pend on the mineral composition of the clay and the diagenetic and metamorphic
history. Heating and subsequent dewatering in shales can produce fractures
(465, 472, 473). Fluids can also be released from shales because of minera-
logical changes induced by heating.

Tuffs. These rocks can contain fluids not only in isolated

pores but also in minerals, such as secondary zeolites and clay alteration
products. The release of fluid can occur at temperatures on the order of

100 C to 200 C (474). Further information is required to assess the

impact fluid migration or release in tuffs.

:

Summary. The migration of fluids around waste canisters has
been suggested as ~ a mechanism which might -lead to waste-package degradation.

J
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In salt, the observed and ce 1 ilated quantities (II.C) of fluid reaching an
emplacement hole is small compared to that necessary for significant degrada- i

tion of the waste package. In addition, numerous engineered features are

available to limit fluid interactions with the waste form (II.E.1). While

fluid may be present in granites and basalts because of flow through frac-
,

tures, there is relatively less concern about mobilization of contained

water. Experimental observation of bedded and domal salt indicate that small
quantities of fluids are released. It has been suggested that the release may

,

be due primarily to experimental conditions (e.g., dry boundary conditions and
changing stress states) that do not represent the repository conditions around
a spent fuel canister. Further experimentation will be conducted to determine
which mechanisms actually apply in the repository. Shales'and tuffs can con-
tain large quantities of water but require additional investigation before any'

conclusion about the possible impact of such can be stated.

II.E.2.3 Radiation Effects

The effects exerted on the host rock by irradiation have gener- -

ally been considered to be of secondary importance. The impacts that do re-

sult occur within the first meter of host rock surrounding a canister (475)
and thus are primarily of concern to waste package design rather than the
repository (476). The status of knowledge on radiation impacts on the host
rock and on its interactions with the waste package is described below.

II.E.2.3.1 Status of Knowledge on Radiation Effects

The radiation levels for a reference spent-fuel assembly were
given in Chapter II.C. The maximum gamma-ray surface dose . rate for 10-year
old fuel given there is 23,400 rad /hr. The energy deposition in. surrounding
rock can be calculated _ with radiation transport models. The initial depost-

6tion rate in salt has been estimated to be 7 x 10 rad /yr from gamma rays

and about 8 rads /yr from neutrons-(432). The attenuation of the gamma rays in
the salt is such that a tenfold reduction in dose occurs for each 15 cm from
the exposed surf ace. Hence the salt 30 cm (1 foot) from the canister would

.
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experience a dose rate approximately 100 times lower than that at the sur- |

face. After 10,000 years, the accumulated dose in the salt nearest the waste
canister is on the order of 10 rad (432). Similar doses would be observed !9

in other rocks (e.g., granite and basalt) because the gamma-ray absorption
characteristics do not vary greatly for the principal constituents of the

| various rock types. ,

The possible effects of neutron and gamma radiation in th'e!

repository and its interaction with the waste would consist of exposure to

operating personnel, radiation chemistry effects such as radiolysis, and radi-
ation damage in the local host rock. The potential for criticality in a

spent-fuel repository is also a consideration.
The radiolysis of fluids that could contact the waste canister

is one of the principal factors that could affect canister longevity (477).
It has been demonstrated that the radiolytic production of various ions, which
increase the oxidation potential of solutions, enhances corrosion rates

(478). In addition, the radiolytic production of gaseous phases may alter
fluid migration rates (479).

Radiation damage in the host rock can produce stored energy in
the form of defects introduced into the crystal lattice (480). The effects of
stored energy in a salt repository have been analyzed (475), and no serious
consequences have been identified. The amount of stored energy accumulated
for a given dose, its release under thermal annealing, chemical reactions upon
aqueous dissolution of the salt, and the alteration of mechanical properties
have been studied (479, 481, 482). This . work has confirmed that appreciable
amounts of gamma-radiation energy can; be stored under certain exposure condi-
tions and that thermally activated annealing takes place at elevated tempera-
tures. The rate of annealing is such that negligible amounts of energy will
be stored in salt in a repository where the salt is at temperatures above

about 150 C. Thermally activated annealing in rock salt at temperatures

below about 150 C was not found (481). The results of the measurements of
energy stored at irradiation temperatures between 30 C and 150 C, together
with theoretical calculations, showed that the maximum stored energy that
would be formed in salt with no annealing whatsoever would be about 1 cal /g at :
the point of maximum dose. No means by which the stored energy could be
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released abruptly has been identified, but even if it did occur, the release
of_ stored energy is not expected to pose a significant hazard (432).

An additional aspect of the stored energy is the generation of
hydrogen, which would take place if radiation-damaged salt is dissolved in

3water; at standard temperature and pressure, about 0.1 cm of hydrogen gas
is generated per calorie of stored energy. The impact of hydrogen gas genera-
tion can be counteracted by the design and operation of a repository during
the operational phase; the hydrogen will diffuse away during the long term.

To date, most of the laboratory and theoretical studies have
concentrated on the effects of radiation on salt. The information available
on radiation effects on salt and on other geologic formations of interest for
waste disposal has been compiled (483). It is desirable, at this point, to

conduct in situ tests to determine the effects of radiation on interactions
between the host rock and the waste package and to ascertain whether deleteri-
ous reactions occur due to synergism between the heat, radiation, and chemical
interaction with the package (484).

The potential for developing a critical configuration with

spent fuel in the repository has been evaluated for both the operational
period and the period af ter decommissioning.

Neutron multiplication factors (keff) have been calculated
for several repository storage configurations (485-487), including clustered
canisters and various canister spacings. The most reactive credible configu-
rations were assumed: no initial burnup and full reflection by water or

brine. The neutron multiplication factor calculated for a two-row, 4 by

5.5-f t configuration of 50 canisters surrounded by brine is less than 0.6. A

neutron multiplication factor of 1.0 is necessary to achieve criticality. It

is concluded from these studies .that no configurations approaching critical

| conditions can be expected.
The potential for criticality if waste dissolution were to take

| place has been considered for salt. A many fold reconcentration of fissile

material would have to occur in the repository before a critical mass could
form. Such reconcentration would require extensive dissolution of the salt
and the waste. After dissolution,. other unlikely processes would have to act
on the waste, selectively removing fissile nuclides from their surroundings
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and collecting them into a separate mass. The only known assembly of fissile
material into a critical mass by geologic processes occurred in the Oklo ura-
nium deposit in Africa (488, 489). The processes that assembled the criti-
cel mass operated over millions of years on a body of underground uranium ore
that was much richer in fissile material (approximately 3%) than the spent-
fuel in a repository (approximately 1%).

Further studies will continue to investigate hypothetical sce-
narios (490, 491) describing the reconcentration of fissile material. If any

of these scenarios appears to have an appreciable probability of occurring,
additional calculations will study their effects. The formation of a critical
mass would not necessarily have serious impacts on a repository (490). Calcu-
lations investigating criticality and its consequences will continue. In
view, however, of the self-limiting behavior of a critical assembly and the
reconcentration required to produce it, nuclear criticality is not expected in
a spent-fuel repository.

II.E.2.4 Repository Penetrations

In the development of a repository, penetrations will be intro-
duced into the natural system in the form of exploratory boreholes and reposi-
tory shafts. In addition, a proposed repository site may have some boreholes

,

or wells from previous exploration or resource-recovery activities. Such

penetrations are potential paths for ground water flow through the reposi-
tory. Ground water flow may occur along rock / seal interf aces or through frac-
tured rock adjacent to seals (492).

II.E.2.4.1 Potential Impacts of Repository Penetrations
|

|

l
A major consideration in repository sealing is the extent to

which the site must be brought back to its original undisturbed state (492).
This question encompasses such concerns as the allowable permeability of the
seals as a function of time, the placement of new boreholes, the techniques
used in shaf t construction, and the location and characterization of existing
penetrations. These concerns are addressed-in the next section.
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The characteristics of the environment in which plugs and seals
are to be placed 'nfluence their design, material composition, placement, and
performance. The important characteristics are (i) stratigraphy and hydroge-

; ology; (ii) lead conditions, including temperature and pressure; (iii) rock
properties; (iv) borehole and shaft characteristics (e.g., size and lining);
and (v) the geochemical environment. Although some broad generic characteri-
zations can be made, most of these factors must be determined individually for
each site.

Stratigraphy and hydrogeology at a particular site are impor-
tant in determining the sequence of materials used in borehole or shaft plugs
or seals. Temperatures and pressures, which themselves depend on host-rock
behavior, affect the behavior of both seal materials and the surrounding rock,
the design and placement of seals, and the rate of geochemical reactions and,
thus, the longevity and durability of seals. The temperatures and pressures
of concern include both those under the natural conditions at the repository
and those induced by repository construction and waste storage. General-

values for natural conditions of temperature and pressure, can be determined
from available data, site characterization studies, and analytical models.
Changes in temperature and pressure conditions induced by construction and
storage are influenced by the actual repository design. The seal design will
also take into account the properties (thermal, hydrogeologic, mechanical,
chemical) of the surrounding host rock.

Finally, the design and placement of seals are influenced by
the characteristics of the penetration, including size and age and the
presence of casings, linings, and previous plugs or other material. These

factors will be determined individually for each site and will be considered
in design (493).

II.E.2.4.2 Penetration Sealing Requirements

1
! Penetrations into the host-rock system will be sealed to pre-

vent significant amounts of ground water from entering the emplacement region
and to prevent radionuclides from reaching the - biosphere in quantities that
would exceed acceptable levels. Penetrations must- therefora be sealed to
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exclude water, retard radionuclide migration, and prevent communication be-
tween aquifers to the extent necessary for adequate isolation (494).

Penetration sealing requirements for the repository are:

1. Adequate Sealing of all Penetrations. Boreholes
into the repository system will be adequately

,

sealed before the repository is decommissioned )
(495). Seals should maintain their integrity '

throughout, and as f ar beyond, the thermal period
as is reasonably achievable (Section II.A.1,

Objective 1) and should prevent radionuclides or
toxic chemicals from reaching the biosphere in
unacceptable quantities (Objective 2). The
characteristics of the seal that are of primary
importance in determining its adequacy are its ;

long-term durability, its ability to prevent I

transmission of fluids, and its mechanical
'

properties (496).

2. Prudent Use and Siting of Boreholes. As new
boreholes are used and sited, useful means of
reducing their potential impacts on repository
performance will be taken into consideration. To
the extent possible, work requiring surface
boreholes over the proposed repository will use
existing holes to minimize the total number of
holes requiring sealing. Similarly, any new holes
will be utilized for as many purposes as possible
and will be located to coincide with proposed
repository shaft or pillar locations (497). |Where possible, boreholes will be located outside '

the immediate repository area (498). These
practices in the use of boreholes will limit the
number of boreholes requiring sealing and
mitigate the possible impact of seal degradation
either by providing a secondary barrier or by
ensuring that the borehole will not provide a
pathway to water through the repository (499).

3. Location and Characterization of Existing Pene-
trations. All reasonable efforts will be made to
locate and adequately seal previously existing
borehales. The following recommended procedures
(500) or an equivalent will be used:

(a) Search existing local and state agency, oil,
and service company records.

II - 181



(b) Interview local residents, landowners, mer- i
chants, and service companies.

(c) Study aerial photographs for ground depres-
sions and other possible evidence of drill-
ing.

(d) Use magnetic-type locators for surface cas-
ings.

(e) Conduct on-site search and excavation.

4. Shaft or Borehole Construction. Final sealing
will be considered in the selection of shaft
designs and excavation techniques to facilitate
sealing. This consideration of shaft / borehole
construction will include the extent of fractur-
ing in the surrounding rock caused by the excava-
tion technique or residual stresses in the rock.
If extensive fractures are created, it may become
necessary to fill those fractures. Techniques
that cause such extensive frarturing will be
modified if possible. In addition, techniques
used to seal aquifers during shaft construction
should not preclude or reduce the effectiveness
of shaft sealing (501). -

II.E.2.4.3 Status of Knowledge on Penetration Sealing

Assessments of the containment and isolation provided by mined
geologic repositories have not indicated that complete penetration sealing is
required. The appropriate specifications for sealing will be determined from
the results of consequence assessments for a particular site (502). These,

assessments are discussed in Section II.F.1. Nevertheless, because borehole

seals will be an important . redundant barrier, the Department is aggressively
developing borehole sealing techniques to provide an additional measure of
confidence that containment and isolation will be maintained. The function of.
seals will continually be reassessed as designs are developed. for specific
sites.

The sealing of penetrations used in oil and gas production,

| mining operations, and the disposal of chemical wastes and brines in deep
! wells has provided related ' experience. Successful sealing of penetrations
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associated with underground weapons tests has been achieved at the Nevada Test
Site. These seals have withstood not only high temperatures and pressures but
also strong transient ground motions without losing their integrity. The ex-
perience accumulated to date must be supplemented with further research and
development, because repository seals must retain their integrity for much
longer periods of~ time than those considered in previous applications.

The evaluation of penetration sealing has been under way and
has included the following:

1. Evaluation of the materials and techniques used
by oil and gas industries (503).

2. Hydrothermal transport in situ sealing (504).

3. Sealing by earth melting (505).

4. Sealing by compacted natural earth materials
(506,507).

5. Availability of in situ instrumentation (508).,

6. Studies of salt dissolutionina associated with
open penetrations (509-511).

The current program consists of three principal elements (512):

1. Systems analysis and consequence ana,1ysis to
assess the role of seals in providing geologic
containment and isolation.

2. Design, analysis, and evaluation of plug config-
uration materials in laboratory and field studies.

3. Evaluation of the long-term stability of sealing
materials.,

These efforts are directed toward the development of appropri-
ate design specifications for seals and an evaluation of the response of vari-
ous candidate seal materials in the environments that will be encountered in
the various geologic media associated with a mined geologic repository.

The development of design criteria for seals will include con-
servative design margins so that final specifications will ensure appropriate

;

i
.

!
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seal longevity. The quantification of these design criteria, including a

range of acceptable materials and seal geometries, is expected to be completed
in ' late 1982. The materials studies supporting seal-design activities will
continue throughout the development of the sealing techniques. Using the
experimental results of field emplacements and laboratory development, proto-
type seal designs fc repositories are to be completed in late 1982, with the
design for seals for a specific site planned to be completed 2 years after a
site is selected (512).

Past activities have included material studies (513-516) and
the sealing of two drill holes: the AEC-1 well in Lyons, Kansas (517), and

ERDA-10 (513) in southeastern New Mexico. Emplacement techniques and opera-

tional procedures were evaluated during these tests, in addition to the evalu-
ation of seal materials. The Kansas seal was emplaced in 1973, using expand-

'

ing portland cement with epoxy resin sections at the top and bottom of the

salt zone. ERDA-10 was plugged in 1977 with alternate segments of grout tal-
lored to the stratigraphy. Test specimens obtained during core drilling are
now undergoing laboratory analysis. A recent report (518) has summarized the
application of past experience in oil and gas exploration, mining, and deep-
well disposal of chemical wastes to the sealing of a radioactive waste reposi-
tory and ongoing Department activities (518).

Laboratory and field programs currently in progress are evalu-
sting the properties of several candidate materials (519) over a range of

' environmental conditions. These studies include the examination of factors
affecting the geochemical longevity of seals (520, 521). In situ studies in

bedded-salt (522) have included the recovery and laboratory evaluation of
cement seals used in potash-exploration drill holes. Observations revealed
that no serious degradation had occurred af ter 17 years of curing at a depth
of approximately 1,000 ft and that permeabilities were in the millidarcy range
(523). X-Ray diffraction patterns and scanning electron microscope analysis
of the 17-year-old seal compared with those of the ERDA-10. grout at 2 weeks
and 1 year showed similarities -in composition and microstructure. There was

evidence of relatively little exchange or reaction between the cement plug and
the. surrounding rock over the 17-year-period (524).
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A field test currently in progress has evaluated the in situ
permeability of a cement seal that was emplaced at a depth of 4,500 f t in
anhydrite rock underlying a bedded-salt deposit in New Mexico (525). In this
test, a seal 8 ft long was used to seal off an 1,800-psi aquifer. An effec-
tive liquid permeability of approximately 50 microdarcies has been observed in
a series of measurements over a period of 3 months (526). Testing 'of this
seal and other seals in the same borehole over the next few years will be
continued.

Investigations will continue to develop various materials to
operate in the environments that seals will encounter. These will include the
geochemical characterization of specific sites and the evaluation of materials
under the same conditions. In addition, techniques for efficient seal

emplacement methods, quality assurance techniques, and in situ character-
ization of seals will be developed. It should also be noted that significant
advances in the sealing technology are expected before final sealing during
repository deconmissioning is required.

II.E.2.5 Backfilling

One of the measures that can be taken to reduce long-term
stresses and hasten the return of the geologic structure to its original un-
disturbed state is backfilling the underground excavations; i.e., refilling

mined-out areas af ter waste emplacement operations have ceased. Backfilling '
in ordinary mining operations has a long history.

II.E.2.5.1 Potential Impacts of Backfilling

The impacts of backfilling on the long-term containment isola-
1

tion capability of the geologic systems may include:

1. Reducing the stresses and strains associated with
the ultimate reconsolidation of the geologic
structure.
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2. Reducing the accessibility of the radioactive
materials to transport agents such as ground
water and man.

3. Retarding the _ potential rate of radionuclide
transport by ground water by restoring and/or
enchancing the radionuclide-retardation capabil-
ity of the geologic material.

II.E.2.5.2 Desirable Backfill Characteristics

Backfilling is one _of the design features proposed to mitigate
the effects of excavation on the geologic formation and possibly enhance its
long-term containment and isolation capability. Potentially desirable

properties for backfill material (527) include:
1. Low permeability.

2. High radionuclide-retardation potential.
3. Low solubility.

4. Expansion potential.
5. Chemical stability.
6. High thermal conductivity.
7. Thermal stability.

It is not expected that any one backfill material will have all these charac-
teristics.

II.E.2.5.3 Status of Knowledge on Backfilling

1

As noted in the introduction, the backfilling of underground
excavations is a historic practice. There is, therefore, a considerable body
of practical knowledge and experience regarding methods of_backfilling.

Procedures and equipment for backfilling operations are widely
|

available, and their application to repository operations is primarily _ a
matter of good engineering (528). For example, the method selected in a
recent conceptual design (106) envisions the use of conveyors to transport the
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tailings material directly from the working faces of the excavation to areas
scheduled for backfilling. As it arrives, the tailings salt would be piled in '

the old excavation by a centrifugal thrower capable of piling the material to '

within 2 f t of the ceiling. The density of backfill emplaced in this manner

has been estimated (528) to be about 60% of theoretical (527).
Backfilling is planned for all the repository conceptual

designs completed to date (529-532) after a careful identification and
consideration of all the effects that backfilling may have on the operation
and decommissioning of the repository and on the long-term containment and
isolation of the waste.

i

A potential disadvantage of backfilling in the short term is a
local increase in temperature. Studies (527, 528) indicate that the
backfilling of filled repository areas will result in temperature increases at
points near the storage room (528). The two major causes of these temperature

'

are the relatively poor thermal conduction properties of the uncompacted
backfill material and the elimination of ventilation air flow through the
backfilled storage areas. The predicted temperature increases are very
local. The thermal history of the overall geologic structure does not appear
to be significantly affected by backfilling. Therefore the increase in
temperature due to backfilling is not expected to significantly impact the
structural stability of the repository in either the short or the long term
(528,533).

II.E.2.6 Repository Structure Summary
.

Potential adverse impacts of constructing and operating a
repository will be limited by application of the rational approach to design

I
:

as described in this section. This approach is based on an understanding of I

the phenomena that affect the performance of the repository and of the meas-
ures that can be taken to minimize the potential for any adverse impacts due
to heat production by the waste. Radiation effects on the repository are i

expected to be insignificant because they are restricted to the very near
field.

|
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The measures taken to minimize the impacts of constructing and

operating a repository can be summarized as follows:

1. The impacts of the repository excavation on
structural stability will be limited by using low ;

extraction ratios, by using excavation techniques'

that are highly developed and widely applied, and
by backfilling the rooms and tunnels.

2. The thermal impacts will be minimized by limiting
the thermal loading and thus the temperatures in
the repository.

3. The migration of radionuclides from the waste
emplacement are will be restricted by use of
sorptive backfill materials that are being
developed and tested.

4. The penetrations into the repository will be
sealed. Progress in the development and testing
of the requisite sealing materials and techniques
has resulted from current research programs.
Programs for seal development are expected to
result in satisfactory designs and materials in
time for repository closure.

II.E.3 Protective Measures Against Human Intrusion

II.E.3.1 Introduction

The successful isolation of high-level radioactive waste from
the biosphere over the long periods of time requires that the waste be unaf-
fected by natural events and processes and also be satisfactorily independent
of future activities of man. Much consideration has been given to the concept
that future human societies may either willingly or unknowingly engage in
activities that could compromise the effectiveness of a waste disposal system
(534,535). Concerns have arisen about the state of technological advancement

or regression that could be expected of future generations; of the potential
effectiveness of long-term control measures to prevent future human intrusion
into the disposal system; of the need to site waste disposal systems in areas

!
where future' exploration for deep resources would be unlikely to take place ~in
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a manner that would unintentionally breach the repository system; and of the
need to dispose of waste in a manner that would allow recovery by future
societies, if so desired.

It is a basic premise in this Statement that, although this
generation bears the responsibility for protecting future societies from the
waste that it creates, future societies must assume the responsibility for any
risks which arise from deliberate and informed acts which they choose to
perform.

At issue is the protection of the public health and safety from
waste releases unintentionally initiated by future human activities. The com-
plete prevention of human-induced releases is desirable but probably not rea-
sonable. Reasonable objectives would b, however, to (i) reduce the likeli-
hood of human-induced releases, and (ii) mitigate the consequences of human-
induced releases.

The role of the natural systems (II.0), the waste package
(II.E.1), and the repository structure (II.E.2) have been discussed relative
to the containment and isolation of wastes. This section describes the meas-
ures being explored by the Department to implement the two objectives stated
above relative to human intrusion. The focus is on the prevention and miti-
gation of unintentional releases from waste disposal systems by persons /
societies who are unaware of a repository's existence. The categories of
future human activities that require consideration relative to their potential
for human-induced repository releases are discussed along with possible pre-
ventive and mitigative measures under consideration in the NWTS Program.

The discussions in this section are general and are primarily
intended to indicate the cor aideration being given to protecting against such
releases, beyond what is . evident through the NWTS Program siting criteria
(536). Research has been conducted and the systems discussed in II.D and
II.E.1 and II.E.2 can provide the desired mitigation should intrusion take
place, but considerable additional study is required to fully develop methods
to protect against the occurrence of human-induced releases.
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II.E.3.2 Categories of Future Human Activities Considered

Several categories of future human activities have been sug-
gested as being potentially disruptive of a waste disposal system's effective-
ness (534, 535, 537). In general these activities are as follows:*

,

1. Exploration or excavation for resources.
2. Alternative land / host rock use.
3. War or sabotage.

Exploration and excavation would include exploratory drilling,
conventional mining, solution mining, and other activities which could physi-
cally breach the host rock and lead to pathways (e.g., establish hydraulic
continuity) or provide mechanisms (e.g., mining of contaminated host rock) for
waste release to the biosphere. Scenarios have been postulated for solution

mining of salt (537, 538) in which the lack of multiple redundant barriers in
the reference calculation resulted in unacceptable effects. They also point

out the desirability of providing measures to reduce the possibility of future
human intr osion. Such measures, as discussed in this section, would provide-

protection against a variety of potential human-induced release mechanisms.
Alternative land or host rock use would include the construc-

tion of dams (of concern to ground water flow characteristics) (539), attempts
to utilize the host rock for the storage of other materials (e.g., petroleum
or gas storage, storage of other hazardous wastes), and any other activities
involving land or host rock usage that could decrease the effectiveness of the
host rock or hydrologic systems. Preventive and mitigative mechanisms for

alternative land or host rock use are discussed later in this section.
Effects of war refers to adverse impacts resulting from the

detonation of powerful explosive devices. It has been postulated that the
explosion of nuclear weapons could provide a direct path of exposure from the

|

*The categories given are indicative, but not necessarily all-inclusive, of
activities that may require consideration.
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repository to the environment or otherwise decrease the effectiveness of the
repositor 3 system. Cratering depths determined by using nuclear explosives
indicate that the direct exposure of wa'stes emplaced in a repository would
require the detonation of a device many times larger than any that has been
tested. Detonations of considerable size near a repository might affect the
local hydrologic system; however, the direct effects of the weapons are sig-
nificant in their own right and tend to mask any subsequent repository ef-
fects. The depth and design (see II.E.2) of the repository system and the
nature of repository releases (long lasting, low-level releases of radioactive
materials, Objective 2 in II.A.1) compared to direct weapons effects would
make the repository both extremely difficult to breach and undesirable as a

; military target. Sabotage, a corollary consideration, could be directed
against a waste disposal system; nevertheless, as with the effects of war, the
depth and design of a deep geologic repository would r.ot render it an attrac-
tive or effective target for sabotage.

II.E.3.3 Protective Measures

A widely discussed protective measure to lower the likelihood
of human-induced releases involves the selection of the repository site. As

indicated in the site selection criteria (536) for the NWTS Program (see
TI.D.3), care will be exercised in -choosing sites to minimize the likelihood
of human activities directed toward gaining access to natural resources and
future land-use conflicts (e.g., dam construction). Although future societies
may actively seek materials that are not now regarded as significant

resources, the likelihood of their needing to recover resources from a
repository site can be controlled to some extent by careful consideration of
such factors during site selection.

Beyond site selection factors, additional protective measures
will be used to communicate knowledge of the existence of repositories to
future generations and to mitigate the effects of unintended human-induced
losses of containment, if they. were to occur. These protective measures are
indicated in Figure II-23 and are discussed below.
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II.E.3.3.1 Institutional Controls

Although active institutional control mechanisms can be highly
effective, the duration of their long-term effectiveness is questionable
(536). The long-term use of active institutional controls is inconsistent I

with Objective 6 in II.A.1. Examples of active institutional' controls include
land-use control rights by the Federal Government; the requirement for permits
to perform certain types of operations near the repository site; the use of
fences or other physical barriers to limit access to the site; and/or the
employment of " caretakers" such as a park police force or security guards,
charged with controlling access to the site. The use of active institutional
controls is dependent upon the continued existence of institutions charged
with the responsibility for maintaining the repository site. The continued

existence of institutions charged with that responsibility cannot be ensured
over the extended period of time required for waste isolation (540). Long-

term active institutional controls will not be assumed in the NWTS Program
safety analyses.

II.E.3.3.2 Public Awareness

The second protective measure against human induced release is

that, regardless of the existence of an institutional structure to actively
control access to the repository site, local public knowledge of the existence
of a repository is likely to be carried forward in time because of its impor-'

tance--i.e., due. to the high degree of perceived risk associated with the
disposal of radioactive waste.'

Information that affects health and safety has been known to

transcend generations. Sometimes an original cause and effect is transformed
into institutionalized prescriptions and proscriptions. For example, Hebrew

and Islamic laws still proscribe eating pork, even though the principal bene-
fit of instituting such laws--likely the prevention. of trichinosis resulting
from the consumption of meat from infected ' swine--is no longer a significant
health concern. As an indication of the longevity of- such . awareness, even
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PURPOSE OF CONTROL NATURE OF CONTROL

POSITIVE PROTECTION FOR DU R A- INSTITUTIONAL MANAGEMENT .0F
TION OF STABLE GOVERNMENTS. ACTIVE ACTIVITIES WITHIN SITE BOUNDARIES

INSTITUTIONAL
CONTROLS

V
LONG LASTING INDICATOR OF REPOSI. ACCESSIBLE PUBLIC RECORDS, Li-
TORY EXISTENCE NOT UNIQUELY PUBLIC BRAR'(/ TOWN HALL RECORDS, TIME
TIED TO REPOSITORY SITE; AND LONG.

AWARENESS CAPSb LES, INTERNATIONAL & NA-
LASTING INDICATOR OF REPOSITORY TIONAL ARCHIVES; ' AND SOCIETAL
EXISTENCE NOT TIED TO GOVERN- MEMORY, AND WORD OF MOUTH /
MENT STABILITY LEGEND, PASSING ON OF INFORMA.

TION RELATIVE TO POTENTIAL
DANGERS

V
VISIBLE ON SITE WARNING OF REPOSI- VARIETY OF HIGHLY VISIBLE HIGHLY
TORY EXISTENCE DURABLE MARKERS CHOSEN TO EN-p

SURE LONG SURVIVAL OF ONE OR
MORE MARKERS

If
IND! CATION OF REPOSITORY DUE TO PHYSICAL AND CHEMICAL TRACERSOFF-NORMAL CONDITIONS THAT

IMPLANTED IN HOST ROCK AND SYS-
WOULD BE APPARENT TO FUTURE WASTE

TEM HAVING A LIFETIME UNTIL IN-INVESTIGATORS AND WOULD CUR- ANNUNCIATION
TRUSION, LONG-POST lNTRUSION LIFE-

Tall FURTHER ACTIONS TIME, THERMAL / RADIATION SIGNA.
TURES

U
ENGINEERED MEASURES TO PROTECT PHYSICAL AND CHEMICAL BARRIERS
SAFETY OF FUTURE EXPLORERS AND
PUBLIC DURING AND FOR SOME TIME ENGINEERED H OUGHOUT'

INTRUSION AND FOR LONG TIME
AFTER EXPLORATION OF SYSTEM # I 8

THEREAFTER. ESSENTIALLY A PRE.
INTRUSION LIFE EXPECTANCY-

V
SYSTEM PERFORMANCE CHARACTER- REPOSITORY SYSTEM CHOSEN TO MI.

- ISTICS IS DESIGNED TO PROTECT NEAR FIELD &
TIGATE RELEASES TO BIOSPHERE RE-FAR FIELDPUBLIC IF SYSTEM INTEGRITY IS GARDLESS OF. INITIATING EVENT,

DECREASED BY ANY MECHANISM SSE
l.E., NATURAL OR HUMAN INDUCED

Figure 11-23. General 1.evels of Defense AgainSt Future Human Activities
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when shif ts in societal sophistication eliminate the source of concern, insti-
tutional proscriptions frequently are lef t intact, as the above example illus-
trates. The two primary mechanisms for continuance of public awareness are

these:

1. The existence of public records in permanent form
related to the repository and placed in a wide
variety of locations.

2. Societal memory, i.e., passing on, by word of
mouth, information about potential dangers
associated with the repository.

The existence of permanent records widely disseminated through-
out all countries of the world and indicating the exact location of repository
sites, made available at public libraries, government centers, computerized
information search centers, and in time capsules, should reduce the prob-
ability of all records of the repository being lost. It is likely that global

communications abilities will continue to grow in sophistication and, even
given the catential changes in governments, records of the existence of repos-
itories <ould be preserved and perpetuated by appropriate societal mechanisms.

There are many examples of records that have been passed on
from generation to generation for centuries. For instance, the various reli-

gious documents belonging to the major religions of the world fall into that
category. Ancient Greek writings on philosophy and mathematics, as well as
Greek masterpieces in literature, go back in history over 2,000 years.- During
the past century, many written records have been discovered during archaeolog-

ical excavations. These include cuneiform tablets belonging to the ancient

Assyrian culture and Egyptian hieroglyphics. Both are thousands of years

old. Literary writings frcm many cultures have been preserved, either through
translations or through copies of original manuscripts kept in libraries
throughout the civilized world. A more closely related example consists of
external records describing mining activities in the Harz Mountains of Ger-
many; these records have been preserved for more than 900 years and are still
usable despite rather- drastic changes in technology, government, and social
structures. The above examples illustrate that literate societies can and do
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. preserve information and that-their information is passed on to future genera-
tions through written records. In nonliterate societies, myths, tales, and
legends are often of great functional importance serving as an important means

j of transmitting information from one generation to the next.
; Notwithstanding the continued existence of permanent records,

societal memory--the passing down from generation to generation information
that is considered to be important to the general health and welfare--is a
human trait. Many examples from. history testify to that trait. People living

,

'

in rural areas have transferred by word of mouth for generations what types of
mushrooms, berries, herbs, etc., are safe to eat. Knowledge of the medicinal
properties of many plants, chemical substances, spring water, etc., has also
been passed on from generation to generation (541).

II.E.3.3.3 Permanent Markers Indicating the Existence of the Repository j

Surf ace monuments and markers designed specifically to warn
future generations of the repository location should be reasonably effective.
The use of such markers has been recommended by the Environmental Protection
Agency in its proposed criteria (540).

Human history is replete with examples of works of man that
have stood for millennia reflecting the beliefs and concerns of bygone genera-

'

tions. Examples include the pyramids af Egypt (built apprc,ximately 4,800 |

years ago) and the Mayan temples; Stonehenge and other remnants of early cul-
ture; cities and civil structures from Greek and Roman times; temples in
Southeast Asia; drawings made on the Earth's surface by South American civili- '

zations; prehistoric cave drawings on the ceiling of the Altamira caves in
Spain (in excess of_10,000 yrs old), and those in France and in the United
States; and earthworks and dwellings created by North American Indian cultures.
Present investigators may not fully understand many artifacts of the past, but
scientific investigation into the meaning or significance of such phenomena is
usually rigorous (542).

Given the technical sophistication of the present society
relut.ive to the ancient civilizations, it is reasonable' to assume that a
series of diverse permanent markers, each designed to withstand several mil-
lennia of natural and human activities, could ensure continued awareness of
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the' existence of the repository system, or at least indicate the existence of
an unusual and -possibly hazardous condition. The development of permanent

markers will be pursued in the NWTS Program.

II.E.3.3.4 In Situ Indicators

Concern has been raised that if a repository site were to be
violated for future industrial purposes (e.g., solution mining of salt) (537),

.

the developers would not be aware of the existence of the radioactive waste-

without performing special monitoring or radiochemical analyses. In princi-

ple, in situ "tell-tales" could be placed in the repository media in such a
manner that they would alert future explorers to the existence of. the repost-

4

tory due to " unique" easily detectable conditions existing in the host rock.
The purpose of the tell-tales would be to re-alert society to the existence of
the repository if the preceding measures were to prove unsuccessful at some
point in the future. Further study is needed to determine the most appropri-

,

ate measures that should be used to effectively carry out this function.

II.E.3.3.5 Engineered Barriers

Engineered barriers present in the repository to mitigate the
impacts of potential natural intrusion events or processes also would be
effective in mitigating impacts of potential human-induced release. For

! example, long-lived waste packages (II.E.1) and repository design features
(II.E.2) would retard radionuclide transport for both human and naturally
induced ground-water intrusions. Additional site-specific barriers will be

,

considered for their effectiveness in mitigating the consequences of potential

releases.

II.E.3.3.6 Natural Isolation Barriers'

Analagous to the rationale for engineered barriers, the

hydrologic and geologic features of - the repository (see - II .D.1) would . be
~

effective for mitigating either natural or human-induced intrusions into
containment.

!
|

[-
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II.E.3.4 Human Ir. trusion Summary

I

The six protective measures indicated in Figure II-23 and !

discussed herein will assist in providing assurance that future human activi-
ties will not inadvertently disrupt the . integrity of the repository system in
a manner which would be of concern to the public health and safety. The first

three measures are directed toward perpetuating the knowledge of the existence
of the repository system to avoid human-induced events. Since, as noted by
the Environmental Protection Agency (540), it is difficult to predict the
length of time that active institutional controls could be relied upon, credit
for the first measure will not be assumed in NWTS Program evaluations. Socie-
tal memory, accessible public records, and permanent markers could neverthe-

less provide a longstanding indication of the existence of the repository,
independent of institutional controls.

The above mentioned measures could reduce the likelihood of
future human activities causing unknowing and/or unwilling intrusion of t'he
repository. Beyond those measures, the fourth measure, in situ indicators,
would increase the likelihood that a repository would be rediscovered, and-
intrusive events would cease should the effectiveness of the above measures
diminish with time. Knowledge of the repository existence could thereby be
restored to society's memory. The first four measures could, in a self- !

perpetuating fashion, continue to remind society of the existence of the re- !
pository system, thus continuously maintaining a low likelihood of inadvertent
human intrusions into the repository.

The fifth and sixth measures rely on the basic natural and
man-made barriers discussed in II.D and II.E, respectively. Those barriers
would minimize the impact of any loss of repository integrity, be it through
natural or human causes.

It is reasonable to conclude that (i) the likelihood of future
human activities of a nature which could adversely affect the integrity of the
repository can be reduced to an acceptably low probability through the use of
Gpropriate protective measures; and (ii) the impact 'of any such future
activities, were they to occur, could be adequately mitigated by .the multiple
natural and man-made barriers included in waste disposal systems.
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II.F PERFORMANCE ASSESSMENT OF MINED GE0 LOGIC DISPOSAL SYSTEM

l

. Preceding chapters of Part II describe the natural (II.D) and
man-made (II.E) parts of the mined geologic waste- disposal system. This

chapter details the methods of analyzing the system to determine whethr:r it-
can be expected to meet the performance objectives and requirements stated in
Chapters II.A, II.D, and II.E. The description is in four sections.

Section II.F.1 describes the methods that have been developed

for analyzing the performance of the disposal system after the waste has been
emplaced and the repository has been scaled. During the long time for which
the waste will remain hazardous, many phenomena might affect the disposal
system: natural events and processes, human actions, and impacts exerted by
the waste and the repository. The performance analysis must predict the com-

bined effects of these phenomena. If the analysis identifies any effects that
could release the radionuclides and deliver radiation doses to people, it must
estimate the magnitude of those radiation doses.

These requirements on the long-term analysis present unusual
problems that have not had to be solved in analyses of other systems.
Furthermore, the disposal system itself contains components that are different
from those of previously analyzed systems. For these -reasons, the assessment

of long-term performance has required the development of special methods. To

make the needed predictions, these special methods use mathematical descrip-
tions, called models, of the phenomena that might affect the system. Section

II.F.1 describes how those models are developed and refined; it explains how
they are applied to disposal systems to determine whether the systems will
retain the radionuclides effectively, in accordance with Objectives 1 and. 2 of
Chapter II.A.

| Section II.F.2 describes the role of experiments and observa-
tions of natural phenomena in formulating, developing,- and verifying the

i models. These . experiments necess'arily involve laboratory and field, or in
situ, tests. The section also suninarizes the NWTS programs that are providing
the required data.

Section II.F.3 describes the methods for assessing the perfor-
mance of the repository - during the operational phase, before it is closed.-
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This assessment generally does not require the development of special methods
because the operations are similar to those in other common systems, espe-
cially the operations carried out routinely in the nuclear fuel cycle. How-

ever, the heat generated by the waste creates some effects in the host rock
that present some unusual engineering problems; these problems are examined by
the same methods used for the long-term assessments.

Sections II.F.1 and II.F.3 art narily concerned with methods
for predicting the potential environmental eftucts of releases of radiation,
if any, during the long-term and the operational phases of geologic disposal.
In contrast, Section II.F.4 is primarily concerned with methods for predicting |
the potential environmental effects of a repository during construction, oper-
ation, and long-term containment and isolation. No special methods need to be
developed for these predictions beyond those already described in Section |
II.F.1 for the impacts of radiation. The section presents an example listing
the environmental impacts of a disposal system, including the impacts of
radiation.

II.F.1 Assessment of Long-Term Performance

Predictions of the long-term performance of the disposal system
af ter the waste has been emplaced and the repository closed are important to
site selection, repository design, and waste-package design. The technical
basis for deciding whether a disposal system meets established performance
criteria will be a comparison between those predictions and the criteria.
This section describes the general NWTS approach to long-term performance-
assessment. It describes the status of the development, verification, and
application of the performance-assessment methods (543).

An assessment of the long-term performance of a repository
analyzes the phenomena that might release radionuclides from the waste and the

phenomena that might ~ move radionuclides into the biosphere to people. These
phenomena may be roughly classified as those that occur in the "near field"
close to the waste and those that occur in the "far field" at greater dis-
tances from the waste--that is, in the host rock and beyond. Although these

i
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two regions are not separated by a' precisely defined- boundary, the distinction
'is useful because the heat and radiation from the waste are more intense in
the near field. Different methods of analysis are therefore appropria'.e.
Near-field analysis primarily studies the effects of heat, radiation, and the
construction of the repository on the waste package and the repository. Far-

field analysis primarily studies the effects of phenomena that arise from the
head produced by the waste, from ' natural phenomena, and from human actions.
These phenomena ~ usually appear outside the repository, in the geosphere and
the biosphere. Near-field and far-field performance must both be considered
in determining how well the natural and the man-made portions of the disposal
system meet the performance objectives and requirements described in Chapters
II.A, II.D, and II.E.

Subsection II.F.1.1 describes in general terms the approach
used to predict long-term performance. The next two subsections are more
detailed: Subsection II.F.1.2 ' describes the development and verification of
the methods for assessing f ar-field performance, and Subsection II.F.1.3 de-
scribes similar methods for near-field performance. Subsection II.F.1.4
briefly describes the results of - studies that have used the performance-
assessment techniques and summarizes several specific examples. Subsection

II.F.1.5 draws on the preceding subsections to present conclusions about the
,

status of the techniques and about the results of the studies that have used
them.

II.F.1.1 General Approach to the Assessment of Long-Term Performance

As summarized in Figure II-24, the assessment of long-term
performance treats four principal components of the complete waste-disposal
system: the waste package, the repository structure, the geosphere, and the
biosphere. The geosphere and the biosphere, which 'are of primary importance
to the f ar-field analysis, are also referred to as the site and the environs
of the site.

The_ analysis begins by defining the state of' the system for-

each principal component at the time the repository .is closed. The analysis
_

\
'
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then describes the effects of phenomena that might breach the repository and
release radionuclides from it; for this description the analysis uses the
mathematical methods described later in this section. These methods predict
the future state of the system components, the manner in which transport agents
like ground water may move into the system to reach the waste, and the manner
in which nuclides may move through the system to reach people. Finally, the

analysis predicts the potential effects of the radionuclides on the people
whom they are assumed to reach. As shown by the horizontal arrows in Figure
II-24, all of these analyses are strongly interrelated and must be considered
together in predicting the performance of all or any of the components of the
disposal system.

SYSTEM
DESCRIPTION, MODELS,

AND DATA

^**,"c ,'f, _ _ RE w ORY _ _ o w wERE - _ mOSpwERE
' "

ANALYSIS ' '

ANALYSIS ' '

ANALYSIS

$

PREDICTIONS
OF SYSTEM

PE RFORMANCE

Figure II-24. General Approach to Performance Assessment
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In order to make quantitative predictions, analyses like these
require the use of mathematical descriptions, called models, of the phenomena.
Before the models can be used with confidence, they -must be developed and

I verified. The models contain parameters whose numerical values must be speci-'

fled in order to describe the system and the phencmena; the specification of
these values requires experimental data or theoretical calculations. Using

appropriate models with well-specified parameters, the analysis predicts the
long-term performance of proposed repository systems. The results can be
applied to the decisions that are to be made in the NWTS Program. Sensitivity
and uncertainty analyses, defined and discussed below, are important parts of
this general approach.

The use of the term "model" may cause some confusion because it
is used with somewhat different meanings in different parts of the scientific
community working in radioactive-waste management. Geologists, for example,
of ten use the word to mean a description of the Earth's structure beneath its
surface; this description is not necessarily in mathematical terms. Other

workers in waste management use the phrase " conceptual models" to mean non-
mathematical descriptions of phenomena. In this discussion, however, models

are descriptions expressed by a set of mathematical relationships that may be
either simple or complex. It is these descriptions that produce quantitative

predictions of the long-term performance of a repository.
The next four sections discuss in more detail the general'

approach to performance assessment.

II.F.1.1.1 Model Development and Verification

The development and verification of individual performance-
assessment models follow a logical procedure. First, the phenomena. to be

modeled must be identified. Then, available information about those phenomena

and about the disposal-system is collected and; organized. This information
comes from the observation of natural behavior, laboratory experimentation,
. and field testing. Next, models based .on tnis understanding are developed.
These models can be empirical (i.e., based on direct us'e of the observations)
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cr theoretical (i.e., based on interpretation of the observations according to
known physical laws). The predictions of the models are then compared with
additional observations of the disposal-system phenor.iena under conditions
different from those used for developing the models. If the comparison shows
significant differences between predictions and observations, the models are
modified and tested again. The iterative process of model modification and

verification testing continues until a satisfactory agreement between predic-
tion and observation is obtained. Sc:entific peer review of both the develop-
ment and the verification is important in determining the acceptability of the
models. The role of experimentation in supporting this process is discussed
further in Section II.F.2. Although the process is followed for each model,
it is necessarily limited for models of phenomena that take place only over
extremely long times or are of such low probability that they cannot reason-
ably be tested.

This development of models begins with simple models, called
" individual" models, of specific phenomena. Then, more complexity is added to
describe additional phenomena; some initially considered phenomena may be
omitted from a model if experiments show them to be of minor importance. The

more complex models that describe several competing phenomena are called
" coupled" models. The continued testing of a model during the development

'

process builds confidence in the model and is an important part of model
verification.

In their ultimate development, the individual and coupled
models will be combined to form a system in which an executive model manages
the interactions between them.- Such a complete model is not expected to be
available until 1983.

II.F.1.1.2 Data Requirements ~

Specifying the parameters in the models requires information on
~

all four principal components of the-waste-disposal system. The waste package

is important to meeting Objective 1 (II.A.1), containment, and the geosphere
to meeting Objective 2 (II.A.1), isolation. The structure of the repository
is important to both containment and isolation.

.
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The information on the waste package describes the character-
istics of: the emplaced . spent fuel and the heat and radiation it generates.

,

I' Examples of the required data' are radionuclide- inventories, canister wall i

! thickness and corrosion rate, and the rate of release of radionuclides.
Thet required. information on repository structures includes

l design specifications of the mined ' repository and of the engineered barriers
4

built into it. It also includes quantitative descriptions of- the response of
; the repository system to the phenomena that may affect it. Some of the

| required data are the distance between emplaced packages, the permeability and

| chemical resistance of the engineered barriers, and the thermal and mechanical
properties of the. host rock..

i The required information on the geosphere includes the de-

| scription of the rocks and hydrologic systems in .the region around the site.
Examples of the required data are the detailed stratigraphy of the region, the

; transmissivities of any aquifers, and the sorption characteristics . of the
! aquifer rocks.
' The needed information on the biosphere includes descriptions

j of the ecosystem at the site and of the . biological pathways through which
radionuclides might move to people. Some of the required data are the food

,

| chains in the region and the rates at which water -is consumed by people and

!. animals there. Because most of these data are specific to a particular site,
~

the performance-assessment data base will become more complete as the investi-

gation and the development of each site proceed.

II.F.1.1.3 Uses for Assessments of Long-Term Performance
,

Ther methods. for assessing long-term performance are important:
to analyses of safety and environmental impacts. Such analyses have four
general applications.in the NWTS. Program: (1) the evaluation and selection of:

j disposal sites, (ii) the ' development an'd evaluation of designs ' for the mined?
~

part of a repository, (iii). the; design and ' evaluation of engineered barriers,
and (iv) the qualification .'and ; licensing of. the . disposal system.1 Each of -
these applications' supports important -decisions to be made in the developmentt

~

of systems for the' disposal of- radioactive waste.

_

O
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The choices among candidate sites and repository designs will
require a comparative evaluation of the abilities of the host rocks and the
surrounding formations to prevent and retard the release and transport of |
radionuclides. Such an evaluation will use the appropriate assessment models
together with data from the site-exploration activities and from the proposed
design of the repository, including the design of the engineered barriers.

The engineered barriers in a repository will include the waste-
package systems, the backfill used in the disposal rooms, and the seals in
shaf ts and boreholes that penetrate the repository (see II.E.1 and II.E.2).
The choice among candidate engineered barriers will require a comparative
evaluation of the expected performances of the barriers individually and as a
set. This evaluation will use the assessment models--primarily the near-field
models--together with data from the tests of the barriers, from the proposed
repository design, and from site studies.

The qualification and licensing of a disposal system will

require a demonstration that the expected performance of the entire system is
acceptable. This demonstration will use both the near-field and the far-field'

assessment models and the entire set of data describing the system, including
the results of in situ tests.

In making the calculations necessary to support decisions in
!

the above four areas, the Department will use the following approach:

1. Early in the development of a disposal system,
when detailed information' about the specific
system of interest is not yet available, bounding
performance calculations will be made using the
models and reasonable but conservative values for
the model parameters. These bounding calcula-
tions will define upper limits to the hazards
that the disposal system could produce.

2. Later in the development, when detailed informa-
tion about the specific system is available,
multiple analyses of system performance will be
made using the models and the entire distribution
of values for the model parameters. These cal-
culations will provide realistic predictions- of |

'system performance along with an overall measure
of the uncertainty associated with those pre-
dictions.

,

1
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II.F.1.1.4 Sensitivity and Uncertainty Analyses

The predictions made with the models used in the performance
assessment are subject to some uncertainty; each prediction lies in a range of
possible values. This uncertainty arises from three major sources: uncer-
tainty. in the ability of the model to describe adequately the phenomena it

portrays, uncertainty in the data used to specify the parameters in the model,
and uncertainty in the assumptions about conditions on Earth in the far

future. The uncertainties in the data may themselves arise from two sources:
a lack of precision in the measurements and the inability of experiments or
observations to precisely measure all the needed geologic data without de- ,

stroying the rock system in the process. '

In general, the uncertainties involved in assessing the long-

term performance of a disposal system tend to be larger than the uncertainties
involved in most other systems analyses. Few other systems require analyses
extending so far into the future, and few include components that, like the

host rock, are so difficult to test non-destructively. To increase confidence
in the predictions of the models, it is therefore necessary to estimate the

overall uncertainty in the predictions. Uncertainty analysis is a tool for

performing this task.
The uncertainty analysis of a model studies the uncertainties

arising from each of the tources. It determines their effect on the uncer-
tainty associated with the predictions made with the model. It also predicts

the " residual uncertainties" associated with the models--uncertainties that
would be expected to remain af ter the model has been completely developed and
verified and af ter all the required data have been collected. In other words,
uncertainty analysis combines all the uncertainties associated with the parts
of a model and determines the composite uncertainty associated with the pre-
dictions of the model.

Another tool that is useful in performance assessment is -sen-
'

sitivity analysis. Some parameters in a model have a greater _effect on - the
predictions than other parameters. Sensitivity analysis evaluates the effects
of the parameters by identifyi.ng the parameters whose variation has the great-
est effect on the predictions.

,
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Sensitivity and uncertainty analyses are. being applied to the
models to establish priorities for research that will help develop the assess- )
ment techniques. In this use, these analyses will determine the important |

phenomena and model parameters. The analyses will also be useful in refining
and interpreting the assessments outlined in the preceding section. A major

,

iuse for uncertainty and sensitivity analyses is .in the design and operation of
a disposal system; they will determine where additional barriers are needed
and how to make the best use of design and operating margins (Objective 5).
This knowledge will contribute to a logical and defensible safety analysis for
licensing.

II.F.1.2 Methods for Assessing Far-Field Performance

This subsection describes the methods available for assessing

the long-term performance of a repository in the far field.- Models have been
developed and tested for use with the techniques described in general terms in
the preceding section. Although there are significant differences in the

states of their development and verification (544-549), the f ar-field models
are sufficiently advanced to be used in assessments of repositories at generic
and specific sites.

During the long time in which the waste will remain hazardous,
many phenomena might affect the disposal system: natural events and proc-

esses, human actions, and the impacts exerted by the waste and the reposi-.

tory. The performance analysis must predict the combined effects of these

phenomena. Three kinds of future conditions of the system can then be identi-
fied: (i) conditions of complete containment, under which no radionuclides
are released; (ii) conditions of complete isolation, under which radionuclides
are released from the waste package but no people receive radiation doses; and

(iii) conditions under which released' radionuclides deliver radiation doses to
people. In order to ascertain that Objective 2 in Section II.A.1 has been

achieved, the third kind of condition must be analyzed further to estimate the
radiation doses that the people might receive. The remainder of this section
describes the procedure by which the conditions that might deliver radiation
doses are analyzed. The discussion moves through the principal steps in the
procedure, describing the far-field models that are used in the analyses.
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Figure II-25 shows the procedure for-calculating the far-field
effects of a possible repository breach. The rest of this subsection. de-
scribes the procedure in terms of the steps shown as boxes in that figure.

The box labeled " source term" describes the. waste at the time-1

! the breach occurs; it specifies the radionuclides present and the physical.and
chemical conditions of the waste. The radionuclide concentrations at the time
of the breach can be calculated from _ the original concentrations in the
vaste. Some of the physical and chemical information required for this source
term can be predicted from studies of the near-field interactions discussed
later in Subsection II.F.1.3. When such information is not available or is
uncertain, the analysis assumes conservative conditions for the waste, in-

'

accordance with Objective 5.
The details of the analysis depend on the natural phenomena or

| human actions that might breach the repository; some natural phenomena typical
of those that have been studied (544, 545, 548, 550-552) are climatic changes,
glaciation, deformation of the host rock, meteorite impacts, and earthquakes.

| The analysis also depends on the construction of a scenario--an assumed

i sequence of events--that starts with a breaching event and includes processes
that bring ground water to the waste and that move dissolved radionuclides .

i

through a path to the biosphere. A mathematical description of-the scenario--
shown as a block in Figure II-25--is used to predict the movement of radio-
nuclides away from the repository.

]
The construction of scenarios for the long-term analysis of a

| repository rests on the properties of the repository and its site; the phenom-
ena that may be possible at one site may not be possib'le at another. -In prac-
tice, scenarios are constructed with the aid of such techniques as fault-tree -
analysis, event-tree analysis, predictions made by deterministic models that

\*

; describe bounding phenomena, and di_scussions among persons with expert knowl-
edge of the repository site and the possible breaching _ phenomena. A list of-; , ,

scenarios for the- analysis of a repository will include the phenomena that are
;

credible at the site. It may also include bounding scenarios, i.e., highly'

improbable scenarios _whose consequences would be upper limits' to the conse-
Iquences of any of the more credible scenarios.

i
,
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Figure II-25. Elements of Far-Field Performance Assessment Modeling

Some models of assumed far-field scenarios involving both
natural and man-caused breaching phenomena have been reported (544, 545, 548,
552, 553) and have received peer review by the geoscience community. Further
work on both of these types of models is planned as part of the Department's
Waste Isolation Performance Assessment Program (554).

Af ter the scenarios that need to be modeled have been identi-
fied, the next step in a performance assessment is the prediction of' their
consequences. Whether the scenarios will actually occur cannot be predicted
with ' complete certainty, although their occurrence may of ten be characterized
by probabilities. Probabilities are, however, highly uncertain for the low-
probability events that have occurred in 'the region around a repository site
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only a few times in -geologic history or may never have occurred there at all.
For this reason, the assessment of repository performance relies heavily -on
predictions of the consequences of scenarios rather than on predictions of
their probabilities. In licensing procedures, evaluations of probabilities
primarily aid in ~ deciding which of the many imaginable scenarios are both
credible and limiting. '-These are the scenarios to be analyzed in detail for
licensing, which is expected to rely on predictions of the consequences of
limiting scenarios.

To predict these consequences, the performance analysis moves
to the box labeled " transport through geosphere" in Figure II-25. This step

is essentially the modeling of fluid flow into and away from the repository;
ground water flow has been recognized as the principal means for transporting
radionuclides from a breached repository. Tables II-11 and II-12 list some
commonly used models (also called " codes" when they are programmed, or coded,
for a computer) that predict transport through the geosphere; the following
paragraphs explain in more detail the capabilities of these codes.t

Mathematical models of fluid flow through porous media have
been well developed over the past 25 years (Table II-11). Some available
computer codes, such as the code entitled PATHS- (555), are two-dimensional:
they can predict flow along both the length and the width of an aquifer. Some

two-dimensional codes, such as VTT (556), can describe more than one' aquifer
in a single model. Other codes, such as SWIFT (557) and FE30GW (558), can
treat flow along all three dimensions of- an aquifer. These models have-been

verified by comparison with data describing actual hydrologic systems

(559-561).
The transport of contaminants, in particular the dissolved or

entrained radionuclides, by a fluid flowing through .a porous medium has .had
similar, but more recent, development. Like' the analyses .of fluid flow,

analyses of contaminant transport are now part of the standard literature and
the repertoire of students of water movement (562, 563). The available-models
range from one-dimensional codes, such as GETOUT, to multidimensional codes
with convection, . dispersion, and sorption properties that vary with ; position
and time such - as MMT,- SWIFT, FECTRA, and CHAINT. (537, 564-567). Two codes,

SWIFT and a recent extension of FE30GW called .CFEST,. treat coupled hydraulic-
flow, contaminant transport,-and heat transport.
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Tabl e II-11. Characteristics of Fluid-Flow and Contaminant-
Transport Computer Models

Coupled Flow
Fluid Flow and Transport Contaminant Transporta

Parameter -PATHS VTT FE3DGW CFESTb SWIFT GETOUTc IWT FECTRA CHAINT

Dimensions Multiple Multiple Multiple Multiple Multiple Single Multiple Multiple Multiple
in space

Flow prope-ties Constant Variable Variable Variable Variable Constant Variable Variable Variable -

Dispersion. Variable Variable Constant Variable Variable Variable-

Radioactive Chain Chain Chain Chain Simple Chain
decayd

Sorption. Variable Variable Constant Variable Variable Variable

Release rate Variable Variable Constant Variable Variable Variable7
e

h " Values for the parameters describing fluid flow in these models must be supplied by a fluid-flow model.
bCFEST is operational but not yet documented.
CGETOUT theory has been extended to model variable flow, dispersion, sorption, and release rate, but
the computer code is not.yet operational,

d" Chain" means that the code accounts for nuclides produced during radioactive decay. " Simple" means

that the code neglects such nuclides.

Sources: The info mation on the models shown in this table was drawn from multiple sources. The accompanying text discussion
contains specific references for the models and topics addressed.

.
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As contaminants move with ground water, they may be sorbed and
held by the rock they are passing through. The parts of the contaminant-

transport models that describe sorption assume equilibrium between the con-
centration of contaminants in the fluid and the concentration on the rock.
The sorption parameter in these models is an empirical coeff'cient, called

K, that is independent of the details of the actual mechanism by whichd
sorption occurs. Improved models for sorption are currently being investi-
gated as part of the NWTS Waste-Rock Interaction Technology Program (568).
Short-term field verifications (569) of the contaminant-transport models have
been performed. Additional verification of contaminant-transport models is

planned as part of the NWTS Field Testing Program (570), described in Section
j II.F.2.

Because models of flow through fractures tend to be specific to
particular types of fracture systems, they are less universally applicable
than porous-media models. Although mathematical models of flow in fractured
media are not so well developed as those for porous media and may not be
needed for analyzing some repository sites, the amount of work done has been

substantial (570-581).
There are two basic problems for the modeling of material

transport in fractured media. One problem is the assembly of sufficient data
to be able to adequately describe the actual hydrology of the far-field region
around a repository site. The determination of effective permeabilities and
fracture connections, although difficult, is possible. The second problem is
the proper characterization of the sorption process in the fractured zones:
although absorption may be dominant in porous rocks, fluid flow may be domi-
nant in fractured rocks. Experimental work is being done on this problem
(582), and the results will be included in future modeling. Until this work
has been completed, the models for porous media are being used with equivalent
formulations and conservative assumptions to predict bounds to the effects of
flow through fractured media.

The field testing of transport for nuclides that travel very

slowly requires' such long times that few such tests are practical for model
verification. Confidence in the results of the models may be gained, however,
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from comparisons with the observed transport of such nuclides from certain
mineral deposits (583) and natural nuclear reactors (584, 585).

The output from the geosphere-transport codes is a prediction,|

as a function of time, of the radionuclide concentrations reaching the bio-

sphere. As shown in Figure II-25, the two remaining steps in the performance
assessment are calculations of radionuclide movem'ent through the biosphere and

of the radiation doses that people might receive. Available models perform j

both of these calculations. The doses from the ingestion of contaminated

water and external exposures are calculated from codes such as ARRRG (586).

Doses frem contaminated foods are calculated from codes such as FOOD (587).
The LADTAP code (588) calculates doses from the inges'. ion of water and fish
and from external exposures. The doses from inhalation and from external
exposures to acute and chronic releases into the air are calculated by codes :

such as DACRIN, KRONIC, and SUBDOSA (589-591). The predicted doses may be
converted into predicted health effects (592). One aspect of biosphere-

transport dose modeling that will be considered further as part of the Depart-
ment's Waste Isolation Performance Assessment Program is the accumulation and
dispersion processes associated with the chronic release of radionuclides into

the biosphere over long time periods (593). The methods used in the bio-
sphere-transport dose codes have gone through extensive development and veri-
fication over the past two decades and have been accepted in other NRC pro-
ceedings (588).

II.F.1.3 Methods for Assessing Near-Field Performance

Models for assessing repository performance in the near-field
region must take into account mechanical stresses, heat flow, chemical inter-
actions, and radiation. All of these phenomena, in addition to the properties
of the host rock, affect the environment of the emplaced spent fuel. Chemical
interactions at elevated temperature in the presence of radiation have already
been studied in radiaticn chemistry. Although the stresses and the chemically
active medium complicate the system, the expected interactions are understood
by radiation chemists. Some specific physical interactions, however, have not
yet been studied completely. For example, the thermomechanical effects of

|
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creep in salt and fracture in granite are understood only in part, although-
constitutive laws for these phenomena have been used in mine design. (Consti-
tutive laws, or relations, express the dependence 'of strain on stress or, in

other words, the way a material deforms under stress.) To improve the under-
standing of these effects, constitutive laws based on the laboratory study of
rock samples under stress and temperature have been developed for salt (594);
similar studies are being conducted 'to develop appropriate laws for granite,
shale, and basalt.

The following sections discuss the status of the three prin-

cipal types of models required-for near-field analysis: heat-transfer models,
thermomechanical models, and models of physical and chemical interactions
among the emplaced waste, the components of the waste package, and the host
rock.

II.F.1.3.1 Models for Heat-Transfer Analyses

Heat-transfer models are used to determine heat flow from the
waste through the reposi tory system. Analyses of heat flow are based on

established theory (595) and are performed with verified computer codes.
A large number of thermal models have been developed through

the years for ~ various purposes. Many of these models have been- coded for'

computers. Over 40 of them, in various stages of development, have been
identified as useful in studies of waste disposal (596). Many of these 40

i models also deal with other phenomena besides heat transfer. Available models

| can calculate temperature distributions and -heat flow for almost all the con- /
figurations that may be used in waste repositories.

Many of the models, although developed independently, have
overlapping or similar calculational capabilities. A comparison of the pre-
dictions made by various models can therefore give insight into the'credibil-
ity of the predictions. Claiborne ~et al. (597) have compared calculations for
a hypothetical repository using the codes entitled HEATING 5 (598), THAC-SIP-3D

~

(599), ADINAT (600), SINDA (601), TRUMP (602), 'and TRANC0 -(SPECTROM-41)

(603). The agreement among the thermal models was generally good. In ' areas
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where the agreement. was less than' desirable, additional work is being per- j

1

| formed to improve it.
'

Thermal models have also been used to predict temperatures in ,

|

field tests of fuel assemblies in salt (116) and of heaters in salt (604),
1granite (582), and shale (605). Predictions based on generic thermal' proper-

ties compared f avorably with the experimental results. Predictions based on

thermal properties determined from core samples or in situ probes agreed-even'

better with the test results (606). An additional capability included in
comprehensive thermal models like HEATING 5 and TRUMP, is the prediction of the
effect of ventilation in the repository (607, 608).

The temperatures of spent fuel rods within the waste package
also can be calculated. Accurate determination requires the simultaneous-
calculation of convection, radiation, and conduction. The HYDRA-l' code (609)

has been developed for this purpose. To verify this code, its predictions are
being compared with experimental measurements for spent fuel currently stored
in su. f ace f acilities. The magnitude of the convection coefficients that
characterize heat transfer in a gas-filled waste package will be determined by
experimental studies (610) currently being performed with scaled laboratory -

models (see II.F.2).
In summary, thermal models based .on physical laws provide an

accurate portrayal of heat flow and temperature. The experimental results
obtained to date suggest that their precision can approach +5%. This preci-

_

sion is important in ensuring that heat loads designed for the repository will
not produce adverse effects in the host rock.

.

II.F.1.3.2 Models-for Thermomechanical Analyses

The models developed for thermomechanical analysis are used to
calculate the thermal and mechanical stresses. and strain, on the repository

-

system. Although these models can analyze stresses in engineered components,
of principal interest in this section are predictions .used to evaluate the
integrity of the host rock.

-
.

@
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; Methods for. the calculation of: stress and strain in construc-
. tion materials have 'been ava'ilable for several decades. They are based on--s

relations derived from physics and constitutive relations, or laws, obtained
'

through laboratory tests. Because repository rocks are inhomogeneous and may
be fractured, generic ; constitutive laws are_ more difficult to obtain for them
than for most other construction materials .

The constitutive relations between stress and displacement _ are
,

functions of temperature, load,. load rate, strain rate, load path, and ~ dura-
tion. . For continuous media, constitutive laws can be formulated from contin-
uum mechanics with the help of results;from laboratory testing. For fractured
media, there will be still more' reliance on laboratory tests of material from-
specific sites, as well as on in situ tests, because it is-difficult to derive

f accurate generic' relationships. The inhomogeneity of rocks requires that
these tests be conducted on- larger samples than are normally used for engi-
neering materi,als.

Such rock-mechanics testing will provide numerical values for
|- the parameters in\ computer models. Field measurements from in situ tests will

also help in verifying the models.
In their applications to repository design and performance

assessment, .thermomechanical codes are presently being used to analyze the
following characteristics:

1. Uplift-and subsidence.

2. Room closure and stability.

3.- Hole closure and stability.

4. Canister movement.-

5. ' Pillar stability.

6.- Thermomechanical impact on ground water flow.,

' 7. Stresses and. strains at' critical locations in the
rock mass.

8. Failure of the rock mass.
-

. -

i

d-
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A large number of models are available for using rock mechanics
to predict the phenomena listed above (611); Table II-12 gives the current
status of some of the more comonly used models. Among the characteristics
listed in the table are the types of rock-deformation processes that the con- |

stitutive laws in each code can describe. Models of thermoelasticity depict
rock deformations that are reversible: af ter an incremental force is removed,

the rock will return to its original configuration. Thermal-creep and thermo-
plastic models depict time-dependent and time-independent irreversible defor-
mations, respectively: after being deformed, the rock remains deformed. The

ability to simulate these two types of deformation is an important property of
the models because it affects their ranges of applicability.

The models vary in the extent to which they have been veri-
fied. The codes listed in Table II-12 have already been tested to some

degree, although no single code can be considered to be verified for all
aspects of the calculations it can perform.

As illustrations of the capabilities of these codes and of the
ways they have been verified, the paragraphs that follow discuss three of the
codes with references to more detailed discussions.

The TRANC0 'model (612), a thermal code, and the TEVC0 model
(613), a mechanical code, have been combined to form the SPECTROM series of
codes, for which documentation -is not yet available. The verification of the
SPECTROM codes has been carried out by successful comparison of their results
with analytical approximations (614) for the thermoelastic behavior of a

repository. Results of the SPECTROM codes for a variety of problems also
agreed well with results of the MARC-CDC codes, which are widely accepted for
engineering calculations (615).

Further verification of the SPECTROM codes has come from com-
paring their predictions with field data from Project Salt Vault (616). A

detailed laboratory analysis (594, 617) of the bedded salt in which that
project was conducted provided input parameters for the code, which could then
simulate the behavior ~ of the bedded salt. Within the limitations of the-

assumptions made in modeling, the results were. good, although the predictions
of horizontal-pillar displacement and permanent deformation were found to be
inadequate (616).
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Table 11-12. Characteristics of Some Commonly Used+

Rock-Mechanics Computer Codes

No. of .

Dimensions Constitutive Rock Types Coupling with
Code in Space Relationsa Analyzed . Hydraulic Models

SPECTROM 2 and 3 TE, TC, TP Salt, sediments, under
(a series granite, basalt, development
of codes) tuff

SALT 2, 3, 4 2 and 3 TE, TC Salt, basalt. Under
SALTY, REPOS development
EXPAREA

STEALTH 2 and 3 TE TC, TP Salt, basalt, Under
' sediments, development

i granite

SAP-IV 2 and 3 TE, TP Granite Under
PORFRC development

SANDIA-BMINES 2 and 3 TE Salt None

COUPLEFLO 2 TC Salt None'

SANCHO 2 TE, IC, TP Salt and None
associated
evaporites,
tuff

FINEL 2 and 3 TE TP Basalt Under
BASFEH development
DAMSEL

BAMBIT 2 and 3 TE TC, TP Basalt. Under
BEH2D development-

,

aihe entries.in this column are the phenomena that the constitutive relations describe.
The abbreviations are TE for thermoelasticity,' TC for thermal creep, and TP for thermo-
plasticity; these terms are defined in the text.

'

Sources: The -information .on the codes shown in this . table was drawn from multiple sources.
The accompanying text discussion contains specific references for ' the-codes and
topics addressed.

'
-
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The SPECTROM codes have been used to predict the hole closure
that might affect the retrievability of emplaced waste (618) and the displace-
ments that occur in the room-and-pillar configurations of a salt repository
(619). The codes also have studied the effects of varying the parameters in
the analysis of the room-and-pillar configurations (460); such parametric
studies provided insight into the accuracy required of model parameters.

t The STEALTH code (620), used pr'imarily for the analysis of salt
repositories, has been used to investigate the creep phenomenon associated
with salt (621, 622). To verify this code, a three-dimensional simulation of
Project Salt Vault has been carried out (623), using constitutive laws that
have been compared with laboratory data. The results generally agreed well
with the field data. Further verification is under way.

Another aspect of rock mechanics that is now being addressed is
the thermomechanical impact on ground water, especially in fractured media.
Basic field data on the hydraulic properties of fractures (254) and the frac-
tures observed in heater experiments have been gathered at the Swedish Stripa

mine (624). Preliminary calculations have been performed and evaluated for a
simplified repository in fractured rocks (625). The STEALTH code is being
used to couple thermomechanical response with ground water flow (626).

: As explained in more detail in Section II.F.2, laboratory
tests, bench-scale tests, and field . tests now in progress are producing data 1

that agree well with predictions of thermomechanical models. Enough exper-

ience in the verification of rock-mechanics codes has been gained t' penn;t an
estimate of the time required for resolving the remaining technical questions
listed in the Earth Science Technical Plan (627) prepared by tha Department
and the U.S. Geological Survey. Experience alto indicates that tie models of
th'rmomechanical impacts on ground water will be fully verified ty the end of
FY 1987 (628). The near-field thermomechanical models will be accurate enough
to design repository systems with adequate margins of safety.

II.F.1.3.3 Models of Interactions Among Package Components anc Rock

To predict the near-field behavior of a repository requires
analyses of the interactions among the emplaced package compo7ents and the
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host rock. These interactions fall into six general classes of problems: (i)
the movement of fluids like ground water to the vicinity of the waste package,g

(ii) the corrosion of the canister and sleeve. materials by these fluids or by
the local fluids in the rock, (iii) the dissolution of the waste matrix by

ground water containing the added corrosion products, (iv) the sorption of
radionuclides in the rocks and in the engineered systems, (v) the absorption
of radiation emitted from the waste, and (vi) the alteration of chemical

; phases and properties in the vicinity of the canisters. A study of these

| interactions predicts the kinds, amounts, and chemical state of the radio-
nuclides available for entry into the ground water system..

Investigations of the mobilization of fluids in the vicinity of
the waste package have supported the development of models, both theoretical
and experimental, of the transport of these fluids to the waste package (see4

'

II.F.2) (608, 629, 630). A computer code, entitled MIGRAIN (608), is avail-
,

able for predicting the transport of brine through salt. Many of the far-
'

field models of fluid flow (see II.F.1.2) are useful in modeling the near-
;
' field flow of ground water. In addition, the codes GWTHERM (631, 632) and

PORFRAC (633) are particularly useful in modeling near-field fluid flow at
elevated temperatures or in rock fractures.

Each of the other five . problems can be separated from the -
others well enough for individual, but not isolated, study.. ,,

The study of corrosion allows modeling of the metallurgical
behavior of the canister materials in intrusive ground waters (634). Dis-

solution studies, using fluids modified, by the corrosion processes, allow
modeling of the leaching process by which fluids take up radionuclides from
the waste (635). Sorption studies, using the fluids modified by the corrosion
and dissolution. processes, permit modeling of radionuclide sorption (636-640)

,

in backfill materials and the host rock. The sorption process is ' included in
the hydrologic-transport codes discussed in Subsection .II.F.1.2. Studies of
the absorption of radiation proceed from a description of the radiation
emitted by the spent fuel, which the ORIGEN code (641) calculates. Codes like

| ANISN (642) and 00T (643) can then calculate the energy deposited in the
! materials around the waste ~.

.
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The data that support the models used in these studies are

1 caching and dissolution data for nuclide release; canister, filler, overpack,
and sleeve behavior for the definition of corrosion; data on ion exchange,
pr:cipitation, and chemical and physical sorption for the sorption studies;
and data describing the chemical phases of the material at the appropriate

'temperatures and pressures for the definition of the physicochemical stat'e.
The current status of mathematical models describing the chem'i-

cal interactions that occur in geologic environments was recently reviewed
(644). Most of the models assume equilibrium conditions and rely heavily on
available data to describe the following reactions: dissolution, precipita-

tion, the formation of soluble complexes, and the formation of soluble free
'

ions. A few models also describe such reactions as ion exchange or the sorp-
tion of a solution species onto a solid adsorbent. Most of the models can
address temperature variations if the necessary input data can be supplied as
a function of temperature. A few models can address the time dependence
(kinetics) of chemical reactions, but since few data are available on the
kinetics of important geochemical reactions, little effort has been placed in
its computation.

There is a continuing effort to adapt existing chemical models
for use in the NWTS Program. In the past few years, the three chemical models
discussed in the paragraphs that follow have been studied to ascertain their
usefulness for analyzing the chemical reactions that may occur in the near
field.

Early attempts to show the applicability of chemical thermo-
dynamic modeling to processes under deep-repository conditicas used a computer
model called FASTPATH (645, 646). The preliminary work'with FASTPATH attempt-

|
ed to simulate the chemical reactions expected between ground water and the |

basalt in the Pasco basin in the State of Washington (647, 648), with and I

without the presence of carbon dioxide at temperatures ranging between 25 C0 j
and 300 C. Predictions made with the model were compared with observed' l'

reactions between ground waters and minerals from deep borings on the Hanford
Site. Comparisons, although not exact, were favorable enough to. conclude that [
further effort was warranted.

i
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A similar thermodynamic model, EQ3/EQ6 (649, 650), has some
potential advantages over FASTPATH; it will be able to address aiteration
reactions and the weathering of rock by water and alteration reactions. This

! model can be adapted to include sorption reactions as well as kinetics if the
appropriate data become available. A third model, MINEQi. (651), is being
studied to assess whether it can successfully predict nuclide sorption.

It is planned that by the end of FY 1982 the capabilities of
these three models will have been determined. They then may become sub-

routines within larger computer codes describing hydrologic mass transport.
The coupling of chemical models with hydrologic mass-transport models has been
demonstrated in the analysis of the shallow land burial of radioactive wastes
at the Hanford Site (652, 653).

The data needed for describing the basic thermodynamic prop-
erties of some actinides, fission products, and minerals of crystalline rocks

have been identified (654). Some of these data are being obtained in NWTS-

sponsored programs (655, 656).

II.F.1.3.3 Development of More Versatile Near-Field Models

Current work in refining and coupling the individual models isi

in progress to develop more complete, more versatile models describing complex
phenomena that are not independent. These advanced models will be available
in 1981, and the coupling will be done by 1982. Insights gained from sen-
sitivity and uncertainty analyses will be used to plan further development,
and verification in laboratory and field tests will continue throughout the
process. A group of scientists from the Department and the U.S. Geological
Survey has concluded that coupled and verified models describing interactions-
between waste and rock will be available in 1985(657).

II.F.1.3.4 Conclusions

The development and verification of individual models of near-
field phenomena are sufficiently advanced for their application to oaalyses of
repositories. At _ their current _ state of development, the models can show the
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major effects that can occur in the near field. Their results can be used in

| generating conservative inputs to analyses that predict the overall long-term
i performance of repository systems. Further refinements and coupling of the

codes, which the Department's program emphasizes, will improve the details of
their predictions and will make possible less conservative, more realistic
analyses of overall long-term performance.

II.F.1.4 Applications of the Performance-Assessment Methods

This subsection begins by summarizing the reported applications
of the performance assessment methods and by drawing two conclusions from
them. The subsection then presents summaries of four studies that use the
methods.

The first of the examples is from an analysis conducted as part
of the program of the International Nuclear Fuel Cycle Evaluation; it examines
a scenario describing the transport of radionuclides by ground water from a
hard-rock repository. The near-field conditions assumed in this study are
appropriate to a waste disposal system that emphasizes engineered barriers
against radionuclide transport. The second example is from a project being
conducted within the NWTS Program; it examines a similar scenario for a
repository in a salt dome. The conditions assumed in both analyses were
chosen as typical of the conditions that could be encountered at a potential
repository site, but there was no attempt to choose conditions characteristic |

i of sites of high quality. For example, the conditions for the salt dome site
were chosen because the information available in the literature for an actual
dome was sufficient to allow the analyses to be performed with a minimum
number of assumptions about unavailable data. The analyzed dome does not meet
the NWTS siting criteria in Section II.D.3 and is not under consideration as a
potential site. The third example is a state-of-the-art application of trans-
port modeling to an existing problem in radionuclide contamination. The

fourth example is from a project that is evaluating the performance of waste
packages in a geologic repository. -
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II.F.1.4.1 Conclusions Drawn from Reported Applications

A number of analyses of performance assessment have been re-
ported (382, 637, 658-669). These studies range from simple analyses using
only a few mathematical relations to complex analyses using the models de-
scribed in the preceding sections of this chapter.

As the exploration and characterization of sites continue under
the NWTS Program, many more studies will be performed to help in the major
tasks and decisions described in Subsection II.F.1.1.3. The existing studies
show, however, that the methods of analysis are ready for application to
actual and hypothetical waste disposal systems, even though the models will be
improved and made more complete in the next several years.

The existing studies also support a second conclusion. They
,

show that the work done so far on waste disposal systems has identified no -
insurmountable difficulties in ensuring that the systems will be safe. The

'

studies have examined the consequences of many phenomena that might release
radionuclides from a repository. Although these phenomena are unlikely at
sites that have been chosen in accordance with the criteria in Section II.D.3,

' the studies have recognized transport by ground water as the principal
naturally occurring phenomenon by which radionuclides might leave a reposi-
tory. For this reason, several studies have examined water intrusion and the
subsequent transport of radionuclides. Some of these studies have been speci-

fic to actual or proposed sites; other studies have been generic, intended to
predict in general terms the performance of a broad class of repositories.

The studies of ground water transport predicted the ' radiation
doses that might be delivered to people in the assumed scenarios. The pre-

dicted doses would meet existing radiation-protection standards for other
fuel-cycle f acilities and would meet Objective 2 (II.A.1); that is, the doses

'

would generally be lower than~the doses delivered by natural background radia-
tion. For exemple, an ' analysis of a small spent - fuel repository in bedded
salt at a particular site in New Mexico has shown that even an. incredibly

'
~

large flow of water through the repository would deliver doses that would be
less than' 3% of ,those delivered by natural background radiation.'(670).

,
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Another study, describing radionuclide releases by ground water flow through a
salt dome, is summarized in II.F.1.4.3, below; that study also predicts doses
much below those delivered by natural background radiation. Although more
studies remain to be done, analyses to date have not predicted large radiation

; doses to people after ground water intrudes into a repository.
It is possible to predict much higher doses by assuming events

that are even more unlikely than the intrusion of ground water. Such doses
have been reported in studies that examine the worst consequences of reposi-
tory breaches without regard to the credibility of the breaches. For example,
the impact of a giant meteorite on a repository might deliver doses approxi-
mately 1,000 times higher than those from natural background (659). Such a
scenario for radionuclide release is not credible, however. It assumes a
highly improbable event that might be expected to occur at a repository site
less than once in 1 trillion years; furthermore, it assumes that people live
around the site during and after the cataclysmic event.

Although most future actions by people would not breach a
repository seriously enough to deliver large radiation doses to people, a few
studies of such actions have been able to predict large doses by assuming
conditions that seem to be unrealistic or incredible. The most striking
example of these studies examines the consequences of future solution mining
in a salt dome containing a sealed and forgotten repository (668). Under the
assumptions made in the study, the predicted doses are clearly unacceptable.
The study predicts these large doses, however, by assuming that no measures

<

such as markers or records, would be taken to warn future societies (see
II.E.3); that no engineered barriers, with the containment characteristics
found achievable in Section II.E.1, would be present; and that the solution
mining would continue for 50 years without the discovery that the repository
was present. The scenario modeled in this study was developed as part of' a
larger effort to determine the potential importance of human intrusion and to
determine how an unprotected system might perform. The objective of the

larger effort was to determine appropriate protective measures.
Although unequivocal statements about the safety of mined

repositories will be possible only for specific sites, the performance assess-

.
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ments of reference systems indicate that properly chosen and designed systems
would meet the objectives stated in Section II.A.1.

II.F.1.4.2 Example 1: Analysis of a Hard-Rock Repository

The International Nuclear Fuel Cycle Evaluation study has
evaluated the health and safety impacts of seven different fuel cycles (666),
one using light-water reactors with the disposal of spent fuel. The analysis

for this cycle is summarized here; important features are abstracted from the
full report (667).

In this analysis, all radioactive wastes from the cycle, except
for mining and milling wastes, were assumed to be placed in a geologic reposi-
tory in hard crystalline rock, either granite or gneiss. These rocks are in
many respects representative of a broad class of hard, crystalline silicate
rocks (671).

The site of the reference repository is composed of large areas
of granite or gneiss consisting of solid rock blocks surrounded by small frac-
ture planes or joints that are interconnected. It is generally accepted that
the hydraulic conductivity of these large areas, where flow is through joint
systems, is less than 10-11 m/sec and that, therefore, significant flow can
occur only through the surrounding highly fractured zones (672).

The extent of the area used for the far-field modeling is

25,000 by 25,000 m. Lakes and rivers are included within this area. The

mathematical model of the area includes a description of the topography and
structural properties. The ground surface elevations represent the ground
water elevations throughout the region; a ground water divide to the south has
an elevation of 40 to 45 m above the level of the. sea to the north. The major
fracture zones are represented by discrete elements.

The underground part of the repository consists of a tunnel
system in the hard crystalline rock, .500 m below the surface. Its dimensions
are based on the ability to hold the waste _ arising from 1 year of a 100-GWe
economy; the dimensions are 1,150 by 1,150 by 12.4 m-(673). All categories of
waste are disposed of .in the repository, although the various types of waste
are placed in separate parts of' the repository. In placing - the types of
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waste, due regard is given to the direction of ground water flow; in order to
avoid adverse geochemical reactions, leachate from one type of waste is pre-

| v;nted from reaching other types.
It is assumed that spent fuel is placed in stainless steel

| canisters filled with lead and positioned in the repository. The areas around
the canisters and the tunnel are backfilled, respectively, with pure benton-;

ite and a mixture of bentonite and sand (674). The medium-level and low-
level wastes are mixed with concrete and packed in drums for placement in the
r:pository.

The presence of a repository will perturb the host rock, but ;

the repository design attempts to minimize adverse impacts. The removal of
rock for waste emplacement creates new hydrologic paths and openings that will
not close because of the low extent of plastic deformation; adverse effects
are minimized by the proper crientation of tunnels and by backfilling the
tunnels and openings. The compacted bentor.ite and the bentonite-sand mixture
swell upon absorption of natural ground waters, and their permeability

decreases.

Heat-induced effects are minimized by proper heat loading,
achieved by basing the spacing of the waste canisters on the conductivity and
hsat capacity of the rocks. The spent-fuel canisters are placed singly in
vertical holes 3.5 m apart in tunnels that are 25 m apart (675).

II.F.1.4.2.1 Scenario Development

The data on hard crystalline rock indicate that, except for
highly improbable events like meteorite strikes and volcanic eruptions, no

; geologic activity like tectonics or erosion could be expected -to disrupt the
repository. If appropriate site-selection criteria and protective measures<

ara applied (II.E.3), the probability of deliberate or inadvertent human
intrusion into a repository or its imediate environs should be negligible.
For these reasons, man-caused disruptive scenarios were not considered in this
study (676). As a. result, the only release studied arises from a scenario in
which wastes are transported by the small amounts of water normally present in
crystalline rocks at depth..- The transport occurs af ter the waste canisters
have failed.
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In. the reference repository, released radionuclides move from
the waste through the compacted bentonite backfill and into ground water
within rock fissures. Because canisters are placed in individual holes, the
release rate is estimated by taking into account the resistance to mass trans-
fer of the bentonite buffer. It is assumed that the bentonite is homogeneous
and that the canister hole intercepts a set of parallel horizontal fissures in
which ground water flows around the bentonite annulus. Because of the low
permeability of compacted bentonite, it is assumed that water flow in the

annulus is too small to increase the mass transfer significantly beyond that
due to diffusion alone. No ion-exchange capacity is assumed for the bentonite
to allow for the potential inhibiting influence of corrosion products. The

conditions required by Objective 1 in Section II.A.1, regarding the contain-
ment of wasto, were not assumed. The canister lifetime is assumed to be 100
years in this example, and simultaneous failures of the canisters take place
at 100 years.

Because spent fuel is predominantly uranium oxide, it was

assumed that dissolution occurs at a rate corresponding to the solubility-

I limited diffusion of uranium (677). Other radionuclides are released in pro-
portion to the ratio of their concentrations to the concentration of uranium.

Because some iodine tends to migrate out of the fuel pellets during burnup, it
is assumed that 10% of the inventory of iodine-129 is initially not bound to
the uranium matrix and is immediately mobile inside the bentonite backfill.

II.F.1.4.2.2 Methods of Analysis

| _The prediction of radionuclide transport in this study requires

an estimate of water movement because water is the tran'? ort medium. As de-
'

scribed in Subsection II.F.1.2, hydraulic models predict ground water flow
paths and travel times from input data describing the system and the release
scenario. In this example only normal slow water movement through the very
impermeable rock is considered. The three-dimensional - flow model FE3DGW is
used (678) to analyze the water movement; it is able to treat the effects of
highly fractured _ zones on regional water flow and the decrease in permeability
and porosity of the rock . masses and fracture zones. - Output from the flow
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model is used as input to the one-dimensional transport model GETOUT to -

analyze radioactive decay and interactions among rocks, nuclides, and water.
Best-estimate values of distribution coefficients based on laboratory data
(679) are used for determining the retardation of the nuclides. The output ~~

from the transport model is nuclide concentrations in the ground water as a
function of time. |

Radionuclides in the' ground water are assumed to enter the
biosphere as seepage into a fresh water lake. Subsequent.. transport in the
biosphere is modeled by a multicompartment model with parameters selected to
represent the reference granitic site. The model of the biosphere is divided
into three subsystems of progressively increasing size representing regional,
intermediate, and global ecosystems. The structure of this model permits

recirculation of radionuclides between subsystems. The regional ecosystem
includes the fresh water lake that receives the radionuclides, lake sediments,
soil, and subsurface ground water. The intermediate ecosystem is a large lake
or sea with associated sediments. The atmosphere above the regional inter-
mediate areas is modeled to an altitude of 1 km. The global ecosystem models
the oceans, the continents, and the global atmosphere.

Calculated concentrations of radionuclides in the biosphere are
used in the exposure-pathway analysis to estimate the total intake by a maxi-
mally exposed person. The pathways for intake include inhalation, the inges-
tion of food and drinking water, and external exposure from material deposited
on the ground. The pathway analysis provides the external dose and the inha-
lation and ingestion rate for each radionuclide. The intake rates are used to
calculate weighted whole-body doses for each radionuclide.

|

II.F.1.4.2.3 Results

For the thermal loadings of 10-year-old spent fuel used in this |
example, the predicted peak temperature at the canister surface is about
80 C; maximum and mean _ temperatures in the host rock are 62 C and 52 C,
respectively. These three temperatures occurred respectively at about 10, 25,
and 90 years after emplacement in the repository (680).
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- For the leaching or release-rate analysis, the release was
-1 assumed to begin at 100 years. The calculated leach times were 200,000 and

230,000 years (681) for PWR and BWR spent fuel, respectively.
The hydrologic analyses predict an average path length of

~

7,100 m, an average travel- time of 11,700 +1,300 years, and an average veloc-
ity of 0.61 m/yr for the reference hard-rock site (682).

The maximum nuclide discharge rates to .the biosphere and their
dependence on time are shown in Table II-13. The nuclide travel times are
generally on the order of hundreds of millions of years, permitting most of
the nuclides to. decay. An exception is iodine-129, which migrates at the
ground water velocity with~a travel time of about 10,000 years.

Table II-13 also shows the maximum annual doses received by a
person from the spent fuel and the associated waste. These doses are whole-
body doses received by the maximally exposed person during the 50th year
following continuous exposure for 50 years.

All discharge rates to the biosphere calculated by the trans-

port model are small. The earliest peak concentration observed is that for

iodine-129 at 11,000 years for release from the spent fuel. No other signifi-
cant fission product peaks appear. The peak concentrations for the actinides
all occur at 400 million years or later. Because of long transport times, the
significant discharge rates to the biosphere arise from the long-lived

nuclides uranium-235 and uranium-238 and their daughter nuclides.
The major contribution to dose comes from the radionuclide

protactinium-231, with minor contributions from radium-226. All doses are-

small fractions of the average annual background radiation dose (0.1 rem) and
well within the requirements of Objective 2- (II.A.1).
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T,able II-13. Maximum Discharge Rates, Times of Maximum Discharge, and Dose
Rates Received by People from a Hypothetical Spent-Fuel Repository

Maximum Maximum
Time of Maximum Dose Rate Dose Rate
Maximum Discharge from Spent from Associated

Discharge Rate Fuel Waste
Radionuclide (years) (Ci/yr) (rem /yr) (rem /yr)

,

129 4 5.6x10-4I (a) 1.1x10 - -

129 4 1.3x10-2 5.1x10-6I (b) 1.1x10 _

135Cs 7.1x108 6.3x10-Il 1.5x10-14 -

226Ra (c) 4.1x108 9.4x10-5 1.0x10-7 1.6x10-6
230Th 4.1x108 1.0x10-4 2.8x10-8 4.5x10-7
231Pa 4.1x108 2.2x10-5 5.7x10-5 5.5x10-5
232Th 8.1x108 3.5x10-8 4.7x10-10 _

234 8 2.0x10-4 1.4x10-8 7.0x10-8U 4.1x10
235 8 1.0x10-5 3.0x10-9 3.0x10-9U 4.1x10
236 8 2.0x10-9 2.7x10-13Th 4.1x10 _

238 8 2.0x10-4 2.4x10-8 1.2x10-7U 4.1x10
230 226 8Th/ Ra(d) 4.1x10 2.2x10-6 1.1x10-5-

234 226 8U/ Ra(e) 4.1x10 5.5x10-8 2.7x10-7-

Maximum annual
total dose 4.1x108 5.9x10-5 6.9x10-5

abound in fuel matrix.
b n gap between fuel cladding and matrix.I
cRadium-226 reaching the biosphere directly from ground water,
d adium-226 produced by the decay of 230Th in the biosphere.R

eRadium-226 produced by the decay of 2340(via230Th) in the biosphere.

Sources: (Reference 683) Working Group 7 International Nuclear Fuel Cycle
Evaluation Committee, Release Consequence Analysis for a Hy)othetical
Geologic Radioactive Waste Repository in Hard Rock, INFE/ dip /WG7/21,
Table XIX, December 1979

(Reference _684) Working Group 7, International Nuclear Fuel Cycle
Evaluation Comittee, Release Consequence Analysis for a Hy)othetical
Geologic Radioactive Waste Repository in Hard Rock, INFE/D EP/WG7/21,
Table XXV, December 1979

<
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II.F.1.4.3 Example 2: Analysis of a Salt-Dome Repository

II.F.1.4.3.1 Introduction

This analysis examines one of several scenarios reported in a
study (668) performed for the NWTS Program by the Pacific Northwest Laboratory
and the Office of Nuclear Waste Isolation as part of an effort to integrate
safety-analysis techniques for waste repositories. The data used in the
analyses are for the most part from an existing salt dome that has been dis-
qualified from consideration as a repository site.

The repository is approximately 6.40 m below ground level in the

|
salt dome, the top of which is 400 m below ground level. At the repository

| horizon the dome is approximately 3,400 m in diameter. The area excavated for
'

the repository is separated from the edge of the dome by a 240-m buffer

zone. There are two aquifer systems, which are hydraulically separated by an
aquitard. The upper aquifer is fresh water and is under a greater hydraulic
head than the lower fresh water aquifer. The upper aquifer is approximately
270 m above the top of the dome. The salt dome intersects the lower aquifer,
which extends around and above the dome.

The underground part of the repository consists of a tunnel
system on one level 640 m below the surface. Spent fuel is placed in vertical
holes in tunnel floors on 1.67-m centers over the 1,375-acre repository area
to distribute the 'acay heat load (685). A total inventory of 90,000 MT of
spent fuel is assumed to be emplaced in the repository. No high-level waste

other than spent fuel is disposed of in the reference repository (686).
The spent fuel is encapsulated in 1.27-cm-thick carbon-steel

canisters filled with air and spaced in the repository to obtain a thermal
loading of 60 kW/ acre. The backfill around the canisters and in drif ts con-
sists of crushed salt (687). No credit is taken in the analysis for the engi-
neered systems required by Objective 1 or for the protective measures against
human intrusion described in Section II.E.3. <

,

-II - 232

v
. _ ~ - .



._ . -. -- .. . _-

II.F.1.4.3.2 Scenario Description

! Only a human breach of this isolation system ,is postulated in
the analysis because no credible natural events were identified as capable of
breaching the repository within 1 million years. The reference dome is
assumed to be inadvertently breached by exploratory drilling; no corrective
action is taken. The abandoned borehole connects the two fresh water aqui-

'
fers. Because no credible failure mechanism could be identified for connect-
ing the repository to the lower aquifer 100 years after repository closure,
the study simply postulates a breach through the buffer zone to the aquifer.,

Thus, hydraulic continuity is assumed to be established through the repository

) system (688). .

It is assumed that the spent fuel has decayed for 100 years at
the initiation 'of the scenario. The dissolution rate of the spent fuel is

calculated to be controlled by the solubility limit of 6 ppm for uranium in
ground water (689). Other isotopes are assumed to be carried into the solu-
tion in proportion to the amount of uranium that was dissolved (690).

The head differential between the two aquifers is approximately
50 f t (15.2m), with flow from the upper to the lower aquifer (691). It is

assumed that the flow continued for a period of about 15,000 years, at the end;

of which time fresh water flow has been sufficient to dissolve the entire dome
immediately above the repository. emplacement area (692). The resultant dome

,
collapse over the emplacement area results in decreased fresh water flow

| because the flow must pass through subsurface rubble (693). Contaminated

water from the dome is calculated to flow with the ground water through the
lower aquifer to a river 100 km (62 miles) from the dome (694).

.

II.F.1.4.3.3 Method of Analysis

The method of analysis for radionuclide transport from the salt
dome repository is similar to that for the hard rock example .in that it

requires knowledge of both near-field and far-field hydrology, radionuclide,

decay and interactions with the natural materials, and pathways to people. To
determine the flow through the dome,-the FE30GW code is used (695).

.
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The calculated flow rate and ' field data around the reference i

dome are used in the VTT computer code (696) to estimate regional ground water
movement and in the MMT computer code (697) to determine transport times. The

' tr< zoort calculation was done in one -dimension. Values of the retardation
cc. -icients used in the fHT model are based on aquifer data representative of
the region of interest, taking into account salinity increases induced by the
scenario (698).

Radionuclides from the ground water enter the biosphere as
seepage into the river 100 km away. Maximum individual doses and population

doses for persons living along the river are determined using a mo.dified ver-
sion of the LADTAP (699) code, taking into account the consequences of eating
fish, drinking water, and external exposure.

Assumptions relevant to the scenario and the calculations are
;

made conservatively; they produce overestimates of the radionuclide releases
from the system.

II.F.1.4.3.4 Results

For the 50-f t (15.2-m) differential head, the FE3DGW code pre-
dicts a rate of flow through the dome breach of approximately 260 gpm (68.7

| 1/m). Following the collapse of the upper dome at 15,000 years,'the flow rate
is calculated to be reduced to 36 gpm (9.5 1/m) (688). The far-field analysis

by the VVT code uses the path length of 326,000' f t - (99,104 m) to the river,
along with an average ground water velocity of 7.6 f t/yr (2.3 m/yr), to pre-
dict a ground water travel time of 43,000 years to the river (700).

The resulting maximum nuclide discharge rates and their travel
times for the nuclides to the river, as predicted by the MMT code, are shown

in Table II-15 (701). The travel times are based ~ on retardation coefficients
established by laboratory measurements (702). While those coefficients are
only approximate, they have been chosen- to provide a conservative assessment-
of radionuclide migration from the reference site. The doses received by' the

maximally exposed person (699) are also presented in Table II-14.

'
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Table 11-14. Maximum Discharges, Times of Maximum Discharge, and Maximum
Dose Rates from a Hypothetical Spent-Fuel Repository

Time That
Maximum Max. Nuclide Maximum
Nuclide Concentration Individual (a,b)

Radio- Concentration Occurs Whole-Body Dose
nuclide (microCi/ml) (years) Rate (mrem /yr)

,

14 3.4 x 10-8 45,000 5.0 x 10-4C

99 7.7 x 10-4 58,600 1.1 x 10-0Tc
129 2.0 x 10-7 50,500 7.7 x 10-4I
135 2.7 x 10-6 45,000 4.8 x 10-2Cs
236 9.6 x 10-7 440,000 5.4 x 10-2 !U,

232 1.2 x 10-13 2,000,000 1.1 x 10-8
|

Th
237 7.4 x 10-6 44,000 1.9 x 10-1Np
233 1.9 x 10-7 1,690,000 1.2 x 10-2U

229Th 6.8 x 10-9 1,500,000 1.4 x 10-3
238 8.2 x 10-7 438,000 4.1 x 10-2U

,

234 2.0 x 10-6 437,000 1.2 x 10-1U

230 2.1 x 10-8 520,000 6.3 x 10-4Th
226 6.3 x 10-8 490,000 1.5 x 10+1Ra
243 1.7 x 10-6 45,000 4.5 x 10-2Am
239 8.5 x 10-10 80,000 6.8 x 10-6Pu
235 1.9 x 10-8 470,000 1.0 x 10-30
231 3.0 x 10-10 460,000 1.3 x 10-1Pa,

aThe maximum individual dose rate generally occurs in the. child age group.
bFor some isotopes, the dose rate to individual organs may be higher.

Sources: (Reference 700) M.A. Harwell et al., Reference Site Initial Assessment for
a Salt Dome Repository, PNL-2955, (Working Document), Appendixes G and .H.
Pacific Northwest Laboratory, Richland, WA, December 1979;

(Reference 700) Ibid., pp. 11-47 to 11-49;
.

(Reference 699) W. C. Arcieri, J.G.. Feinstein, and J.D. Freeman,. Methods
Used to Compute the Dose to Individuals and the General Population Due to
Geotransport of Radionuclides- from a Spent-Fuel Repository, NUS-TM-32/
(Draft Report), NUS Corporation, Bethesda, MD, February 1980.
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Additional analyses have been performed to determine whether a
change -in the spent-fuel emplacement . configuration accompanying immersion in a
brine solution could lead to nuclear criticality as a result of salt dissolu-
tion. Criticality calculations have been performed with the -NUMICE-2,

LEOPARD, and PDQ-7 (703) computer codes. Evaluations were performed with and

without engineered barriers, taking into account the salinity of the brine
solution (704). The results of the analysis show that spent fuel with a
burnup of 33,000 mwd /MT does not present a criticality problem even if the,

waste is dissolved in a pocket of brine (705). '

In defining the reference scenario, several natural phenomena
were considered. Such phenomena as climatic fluctuations and glaciation
(706), denudation, erosion, and sedimentation (707) were eliminated as poten-
tial significant release mechanisms because of the plannsd depth of the repos-
itory (600 m). Because geologic siting criteria are applied to the selection
of the repository site, the following potential' release mechanisms were judged
to have less serious potential consequences than the postulated mechanism:
surface flooding (708), igneous activity (709), diapirism (710), diastrophism
(711), diagenesis (712), metamorphism (709), fracturing (713), and fissuring,
faulting, and seismicity (714).

Meteorite impact was eliminated as a potential problem because
of the low probability of impact by a meteor of sufficient size to cause sig-
nificant damage to the repository (713).

The abandoned borehole assumed in this study also represents
other conditions, for instance, undetected openings and leaks around shaft or

| borehole seals. The abandoned, unplugged borehole, drilled af ter repository
closure, was considered a worst-case approximation whose consequences would be

| expected to exceed those that could reasonably be expected to occur.
The analysis takes no credit for engineered barriers and pro-

tective measures against human intrusion.~ For this reason, the analysis is

considered to produce an overestimate of releases and an overestimate of the
credibility of their occurrence. Nevertheless, the doses predicted in the
far-field ' analysis comply with Objective 2.-
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II.F.1.4.4 Example 3: Modeling of Hydrologic Transpor'., I

I

In contrast to the two preceding studies, which examine hypo-
thetical repositories, the third example illustrates not only the use of

c

models but also their verification. The third example involves monitoring and
modeling the transport of very small quantities of radioactive and chemical
waste in an aquifer. The waste is produced by the cleanup of process water,

from nuclear facilities at the Idaho National Engineering Laboratory (INEL)
and discharged into disposal ponds and injection wells and from these points
into the aquifer. These waste water streams are within standards both at the
point of injection and at the points of reuse. The Department is examining
alternatives, such as recycle and further treatment before discharge.

This example, taken from the published literature, is an appli-
cation of hydrologic transport modeling to an actual problem: the transport

of radioactive waste away from disposal ponds and a disposal well. The work

was published in two parts (569, 669). The f ;r% part of the study models
movement through the overlying strata to the aquifer; the second part models
movement 'n de aquifer. The studies are of special interest because they

involve both the transport of radioactive materials and the field verification
of the results of the model.

2The Laboratory occupies about 2,300 km of semiarid land in i

southeast Idaho on the eastern Snake River Plain. This site is operated by

the Department for the testing of nuclear reactors, for the fabrication and
reprocessing of certain nuclear fuels, and for the temporary surface storage
of certain defense wastes. Several of the facilities there produce and dis-
charge low-level radioactive wastes to the subsurf ace by means of seepage
ponds or wells. Two of these facilities, the Test Reactor Area and the Idaho

Chemical Processing Plant, were considered in this study. The report de-

scribes the hydrologic system as follows (669):

The eastern Snake River Plain is a large structural
-basin that has been filled to its present. . .

level with perhaps 5,000 ft of thin basaltic lava
flows and interbedded sediments. Nearly all of the
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eastern Snake River Plain is underlain by a vast
ground water reservoir known as the Snake River
Plain aquifer, which may contain in excess of 1

| billion acre-feet of water. The flow of ground
water la the aquifer is principally to the southeast
at relatively high velocities (generally 5 to 25

| ft/ day) . eventually entering the Snake River. .

Plain aquifer zone 450 ft below the ponds.'

For the first study, a three-part numerical model was developed
to simulate percolation through the interlayered basalt and sediments into an
underlying lens of water. The model includes the effects of convection, dis-
persion, adsorption, and radioactive decay. The first part of the model simu-
lates water flow and solute transport from the ponds to the lens. The second

part simulates two-dimensional horizontal flow and transport in the lens,
ensuring complete mixing. The third part of the model simulates vertical flow
and transport from the lens toward the aquifer; this movement occurs through
leakage to the underlying basalt (the Snake River Plain aquifer).

For the second study, which treats movement in the Snake River
i Plain aquifer, a hydrologic model was constructed for an area of approximately

26,600 km , less than 25% of the total aquifer area. The effects of areas of
the aquifer outside the' area of interest are minimized through adjustment of
the boundary conditions. The model assumes that the flow satisfies Darcy's

law, a fundamental mathematical relation in the description of fluid flow.

| The hydraulic part of the model was verified by comparing its predictions with
the known location of the local water table. It was further verified by com-

paring its predictions of transient responses with the actual observed re-
sponses. The transport of solute was modeled only in the area of contamina-

,

I tion.
| The amounts of radionuclides discharged into the disposal ponds

are known. When this information is used in the models, the distributions of

transported material in the aquifer can be predicted. These distributions
have been measured by actual field sampling. The hydraulic parts of the model
were verified by calculating the distribution of chlorides and comparing it
with the measured distribution; this comparison also yielded values for dis-
persivities, numerical values that characterize the transport. With these

,
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dispersivities, the movement of tritium was modeled. When sorption was
included in the model, the study was able to simulate the movement of

strontium-90. Calculations also were done for other nuclides, including
cesium-137, but the cesium was so strongly sorbed as to be unavailable in the
sampling much beyond the sediments in the discharge ponds.

Figures II-26 and II-27 shows the calculated and the measured
distributions of tritium and of strontium-90. These results verify the model
within the limits of its assumptions.

In addition to these studies at the Idaho National Engineering
Laboratory, similar work has been performed elsewhere. The migration of a
tritium plume has been studied at the Hanford Site (560). Auburn University
has conducted an experiment c1 heat storage in an aquifer; the flow of the
heated water was predicted by the contaminant-transport methods (561). The

results of these studies also agree with predictions.
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Source: (Reference 669) J.B. Robertson, Digital Modeling of Radioactive and
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II.F.1.4.5 Example 4: Waste-Package Performance Evaluation *

The fourth example, shows how models are used in evaluating a
particular component of a disposal system--the waste package.

An analysis of waste package performance is presently under way
! to determine the benefits. of using .long-lived waste packages. that could

release radionuclides only at low rates. The study predicts both the reduc-
tion in radiation doses- delivered to people and the performance of packages of
various designs (382, 656). --Two possible but unlikely release scenarios :are
being considered for four host rocks (salt, basalt, granite',- and shale). . The
first scenario-involves ground water intrusion followed by radionuclide trans-
port to a surf ace water body, and the second involves ground water intrusion
followed by transport to a domestic well. CalculationsLof' the performance'of
the entire disposal system are being made for combinations of disposal-system
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parameters that span the ranges present in real systems (water velocities,
path lengths, dispersion coefficients, package container lifetimes, package
release rates, and sorption coefficients). The dose-reduction calculations
have been completed only for salt, but the package-performance calculations
have been completed for all four media and for nine package concepts. The

following conclusions can be made from the results of that study to date:

1. According to the far-field analyses of both
scenarios at a salt repository holding spent
fuel, waste-package components that either delay
the initiation of release or control the release
rate af ter initiation would be completely redun-
dant in limited releases below those specified by
Objective 2 in Section II.A.1.

2. Several package concepts are available that can
delay the initiation of releases for hundreds of
years.

.

3. The use of waste packages in the disposal sys-
tem will provide an element of conservatism in
disposal-system design.

II.F.1.5 Conclusions

The development and verification of models of single phenomena
required for analyzing the long-term performance of mined geologic disposal
systems are well advanced, and these medels can now be routinely used. Even

so, the development and particularly the verification are continuing. The

development and verification of models that analyze several phenomena together
are moderately advanced, and some of these models can now be routinely applied.

Laboratory, bench-scale and in situ tests are under way and/or
~

planned (II.F.2) to assist in verifying modeling r<edictions.
The use of these continually im9 roving models, along with the

continually improving body of experimental data, will permit the performance j
assessments to be done more completely and with increased confidence. These j
assessments will be important in site selection, system design, and licensing.

!
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The models have been used:to assess the performance of disposal
systems' and have demonstrated that they can treat the important phenomena.'

|
Because the development and verification of models and the gathering of data 1

describing sites are incomplete, these assessments have used conservative data ,

! derived ' from laboratory and field measurements. They have demonstrated that ,

the models have been developed sufficiently for use with complex systems.
These studies have also predicted the consequences of releases:

i of radionuclides from repcsitories in the far future. The vast majority of

i possible disposal-system conditions would not deliver any measurable doses to
people. Some possible but unlikely phenomena, such as ground water flow

{ directly through repositories, could deliver radiation doses that would be a
.

; fraction of the doses delivered by natural background radiation. The only

i studies that have predicted large doses to people have been based on what seem

j to be unrealistic assumptions, such as the occurrence of highly unlikely
! breaching phenomena or the omission of engineered barriers from the repository

*

system.

! The analyses performed to date give no indication that a mined |

| geologic disposal system, designed and constructed according to the require-
!

j ments described in this Statement, cannot isolate radioactive waste safely.
:
,

II.F.2 Experimental Basis for Model Development
:
!

; Section II.F.1 discusses the models used to : evaluate the_ per-
i formance of a mined geologic disposal system. Particular models discussed in
j that section are used to address- specific components of the system--the waste
! package, the repository, the - geosphere, and the biosphere. Integrated models

will be 'used to analyze the entire syst tm. < An important part of the develop-
ment and verification of each of the models is a methodical-correlation with 1

. experimental - evidence.: The _ models for performance assessment in the NWTS
-

Program are supported .by1a broad-based experimental program as described inL c

! ' the DOE /USGS Earth Science Technical Plan (203). These experimental programs ,

are needed in all the steps of model, development and _ application; however,
,

they are. emphasized in the following areas:
s

4
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1. Model Development and Formulation. At the outset
of model development for a particular system,
some phenomena affecting the system may not be
known. Scoping experiments performed to identify
the important effects under the anticipated con-
ditions should identify the potentially important
phenomena. . Those phenomena are subsequently
incorporated into the model formulation. s

2. Development of Data Base for Model Application.'

Application of models to a waste disposal system
requires the incorporation of data describing the.
characteristics of either a generic or a site-
specific system. These data ue provided by
experimental measurements on specific components
of the system.

3. Model Verification. As models evolve, experi-
ments are performed to evaluate the applicability.

of the models. Comparisons between model predic-
tions and observed results are used to refine the
models, if lecessary, and to verify their predic-
tive capabilities (see II.F.1.1.1).

In addition to supporting the development of models, experi-
ments sometimes serve as demonstrations as well as scientific investigations.
These demonstrations are culminations of specific steps in the program. They

build confidence in the technical basis. of the program and demonstrate initial
steps in the conservative approach of the NWTS Program.

The experimental program of the NWTS Program refers to three
general classes of experimentation: (i) laboratory tests, (ii) in situ tests,
and (iii) observations of natural systems. - Laboratory tests are sometimes
further subdivided into laboratory-scale and bench-scale experiments, which
typically focus on systems with characteristic dimensions of a few tens of

centimeters and a few meters, respectively. In situ tests generally follow

laboratory tests; and may involve expansions of time and spatia'l scales. In
situ tests are performed under more realistic conditions than those possible
ir, the laboratory, but control 0; contributory variables is more difficult.
As a result, many phenomena are best investigated with laboratory tests, which
provide more precision and. control over experimental variables. Conversely,-

certain effects, such as those due to perturbations of -the in situ stress -
!

|
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state by excavation, are best studied by means of in situ tests. Several

observations of natural systems are under way to obtain correlations which
could not be obtained using the other investigative methods due to the long
time frames involved.

This section summarizes the role and status of the Department's
experimental program. Section II.F.-2.1 discusses the laboratory testing pro-
gram, relying heavily on references given earlier in the document. Section

II.F.2.2 provides an overview of the in situ testing performed to date and
briefly presents future plans for additional tests.

II.F.2.1 Laboratory Experiments

The models used to assess the performance of a mined geologic
system rely on a wide range of laboratory tests to characterize the phenomena
described by the models. Many of these tests were described earlier in this
Statement; hence, this section outlines the principal activities from past and
present programs within the NWTS Program- and groups them according to the
categories of models discussed in II.F.1.

|

II.F.2.1.1 Waste-package Experiments

Widely varying experiments have been performed and are current-

ly in progress to address interactions between the, waste package and the hostt

rock. These experiments principally address the quantity of fluids that could
interact with the waste package, and the degradation of the waste package
under interactions at repository temperaturss. Studies of the effects of

radiation on host rock and fluids have also been performed to investigate the'

impact on the waste package.
Results of laboratory experiments at both laboratory and bench

scale for brine migration in salt were discussed in II.E.2. These results
have enabled model developers to identify the phenomena that can influence the
release and migration of fluids in salts. The information is now being used
to formulate mathematical descriptions that correlate the temperature, temper-
ature gradients, and stress state with fluid-migration . rates (see II.E.2).
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|

The behavior of fluids in basalt -(631) and granite (715) is being

characterized -to describe the fluid chemistry and conditions that packages
,

will encounter.
The testing of waste-package components in solutions represent-

| ing the various host rocks is described in . II.E.1. These studies provide

j information that will be included in the source term for the scenarios which
are used to evaluate the consequence of radionuclide releases, and include the

'

following activities:

1. Measurements of radionuclide release from spent
"

fuel in various leachants at temperatures up ta
3000C.

,
2. Corrosion tests of potential canister-sleeve and

| overpack materials.
,

) 3. Determination of radionuclide sorption charac-
' teristics and physical. properties of candidate

emplacement-hole backfill materials.
i

'

4. Corollary investigations of radionuclide ~ specia-
; tion for various conditions induced by fluids in

the host rock, radiation ' interactions, and the
presence of other waste-package components.

As noted in II.E.1, sufficient' laboratory experimentation and
modeling have been performed on waste-package components that more complex

i experiments incorporating multiple components are now being designed. These

i experiments, involving both bench-scale and tin situ tests, will investigate
j the effects of interactions (e.g., absorption of radiation and dissolution)
j among the waste form, the canister, and the backfill materials.

Data from the tests are incorporated -into models which charac-
terize interactions between package components and the host rock so that pre-
dictions of degradation for various fluid conditions can be made. . The sensi-

'

tivity studies discussed in II;F.1.1.4 are used to assess the dependence of
the calculated consequences 6n various assumptions concerning waste-package
integrity.

I

'
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II.F.2.1.2 Experimental Studies to Support Repository Analyses and Design

Analyses of the pository performance during the operational
and long-term phases include the use of models that describe the deformations,
temperatures, and stresses in rccks, and the ability of rocks to transmit

fluids. These models (described in II.F.1.3.2) use constitutive laws that
describe the behavior of various rock materials. Constitutive laws are, in

part, derived from observations on samples of rock taken from sites under
'

investigation and then heated and deformed by laboratory testing. For

example, creep testing (716, 717) is performed for the purpose of charac-
terizing the primary, secondary, and tertiary creep behavior of rock salt.

Similar experiments are being performed on basalt and granite to determine i

elastic properties, nonelastic stress-deformation behavior, and the influence |

of natural fractures.
In addition to the laboratory experiments using small samples,

bench-scale experiments have been performed and are under way for both salt
and granite (718, 719). Results from . these experiments are compared with
those results from laboratory-scale sample testing to determine the effects of
scale on the material properties and phenomena of interest.

The relationship of these experiments to the characterization
of a host roc.k is discussed in Chapter II.D. In general, they serve to build
the data base for the modeling used i.o compare the predicted response of the
repository configuration to the performance objectives discussed in II.E.2.

The evaluation and verification process for a specific set of

| these models, e.g., those for rock mechanics, is traced from laboratory test-
ing, through bench-scale testing, and ,into field, or in situ, testing, in;

Figure II-28.

.
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Figure II-28. Steps in Verification of Rock Mechanics Models

The assumptions about repository integrity that are made in the
development of scenarios discussed in II.F.1.2 also are being evaluated by
experiments addressed to repository sealing - and backfilling.. Examples of

these . activities are the studies of permeability, porosity, and geochemical
stability of sealing materials, as discussed in II.E.2.
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II.F.2.1.3 Experimental Studies to Support Geosphere Transport Models

The description of the geosphere transport models in II.F.1
includes a discussion of the repository configuration, as well as the physi-
cal, chemical, and hydrologic properties of the host rock and surrounding
strata. The laboratory tests employed to characterize the natural systems are
discussed in II.D.4. Numerous properties are evaluated in these tests; an
especially important property used in modeling the transport of contaminants
through the geosphere is radionuclide sorption. Experiments are being per-
formed to discern the different geochemical interactions and their relation to
the retardation parameters used in the models. Numerous studies of distribu-
tion coefficients, K, for various fluids and rock types have been maded
(715, 720). These studies include the sensitivity of sorption to changes,
such as chemical complexation of the radionuclides which might occur due to
interactions with components of the ground water (721).

II.F.2.1.4 Experimental Studies"to Support Biosphere Transport Models_

The models - for biosphere transport predict the movement of
radionuclides through the biosphere and the radiation doses delivered to
people. As discussed in II.F.1.2, the modeling used in the NWTS Program
relies heavily on models developed for other applications; consecuently, no
additional laboratory experiments have been implemented by the NWTS Program to
refine or provide data.for these models.

:

l

II.F.2.2 In Situ Testing

In situ testing supports the laboratory experiments that iden-
tify many fundamental physical and chemical phenomena and establish many
mathematical relationships. In situ experiments are generally conducted for
two reasons: (1) to determine whether any ' important phenomena are scale-
dependent and thus have not been identified in laboratory experiments; and
(ii) to verify that mathematical relationships for phenomena, based upon

,

%
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i

understanding gained from experiments on small samples studied in the labora- |

tory, are applicable to large-scale assemblies that do not necessarily satisfy
all the conditions controlled in the laboratory. In designing a waste reposi- j

tory, it will be important to understand the range of phenomena from the
micromechanisms of chemical reactions to the macroreactions of rock responding

to heat.
In situ testing is one phase of a sequential research and

development program. The main value of such tests is that they are performed
under conditions that provide for the natural variation of the geologic envi-
ronment. Such experiments provide:

1. Development of data for use in models that are
specific to a medium or a site.

2. Determination of the relative importance of vari-
ous phenomena under actual repository conditions.

3. Evaluation of the capabilities of models for pre-
dicting effects.

4. Enhancement of conditions that can accelerate the
interactions, making the measured effects repre-
sent those that may occur beyond the anticipated
repository operating lifetime.

The models discussed in Section II.F.1 are divided into two
types: near-field and f ar-field models. The spatial scale and time period j

'for an in situ test are comparable to those used by a near-field model to pre-
dict temperature, stresses, and deformation of the rock mass around a disposal

,

room, along with chemical interactions among the waste package, ground water,
and host rock.

_

Measurements of rock response to excavation and to introduction
of heat support both the development of models to predict effects during and
af ter repository operations and the compilation of empirical data for future
operations. These models can also be used to assess the long-term mechanical
behavior of the rock in response to thermal load, its subsequent relief, and
subsidence.
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Experimental study of interactions between the waste package and
tne host'' rock under actual emplacement conditions and accelerated test
conditions' provides information on waste-package degradation and radionuclide
movement _in the' very near field. In addition, many special questions are best
resolved by underground experimentation. These include the development of
special techniques for locating fluid pockets, voids, or fracture patterns in
the host rock; collecting data on ventilation system performance; the measure-
ment of background radiation levels; and other- factors related to repository
operation.

Long-term models cannot be directly evaluated at full scale
under real conditions, since the scenarios assumed to generate serious conse-
quences are usually beyond man's ability _to create, and the time scale for the
phenomena of interest is too long to accumulate data. However, components of

these models, such as flow in aquifer systems, radionuclide sorption in rocks,
source term conditions, and temperatures and structural deformation from heat-

ing, can be evaluated with in situ experiments of finite duration.
In situ tests also provide demonstrations that enhance the

awareness, by both the public and scientific peers, of the development of
waste management technology. Thus tests are important -elements in the

step-by-step process and illustrate the conservative approach endorsed by the
Department. These full-scale demonstrations can also be used to gain exper-
ience with " live" operations that accumulate data on repository design and
operational procedures.

Some in situ - testing activities that address issues- of spent
fuel disposal have been completed, some are in progress, and more will be
conducted as programs continue. Table II-15 is a compilation of these

activities, which are discussed in the remainder of this section. In addition

| to the testing activities shown in Table II-15, a number of field- tests are
being carried out within the NWTS Program at various locations associated with

; potential sites. These field tests are presented in Chapter _ II.D_ -~and in-
i

Appendix B, and are not repeated here.
,
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' Table II-15. In Situ Testing Activities
!

Host Rock Location
|

Salt Lyons, Kansas (Project Salt Vault--1965-1967) l

Federal _ Republic of Germany (Asse II)
Southeastern New Mexico (proposed)
Avery Island, Louisiana

Granite Sweden (Stripa Mine)
Sweden (Studsvik)
NevadaTestSite(Climaxstock)
Idaho Springs, Colorado
Cornwall, England

,

1

Shale Oak Ridge, Tennessee (Conasauga shale) |
Nevada Test Site (Eleana argillite)

Basalt Hanford, Washington (Near Surface Test Facility)

Tuff Nevada Test Site

Clay Moi, Belgium

II.F.2.2.1 Lyons, Kansas (Project Salt Vault)

Project Salt Vault (116) was designed to establish the feasi-
bility of -and the techniques for the safe disposal of high-level waste in a 4

bedded salt formation. The site was an abandoned salt mine near Lyons, Kan-
sas, which had been operated by the Carey Salt Company. These tests,. which q

were started in 1965 and ended in 1967, involved the emplacement of spent !
reactor fuel taken from the Engineering Test Reactor and electric heaters }
designed to simulate the thermal effects of the fuel. Seven canisters con-
taining a total of 14 spent fuel assemblies were used in these experiments. j

The spent fuel was retrieved and returned to the Idaho Chemical Processing |
Plant (ICPP) at the conclusion of the tests. The objectives of Project : Salt |

Vault were: .

4

!
i

!
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1. Demonstration of waste-handling techniques.

2. Determination of gross effects of radiation.

3. Determination of radiolytic production of chlor-
,

ine.'

4. Collection ~of data on creep of salt at elevated
temperatures (1000C-2000C).

To achieve these objectives a series of well-instrumented
experiments was carried out. The fuel canisters were emplaced in a hexagonal

array--one canister in the center and the remainder at points on 1.5-m cen-
ters. These canisters were exchanged for fresh ones every 6 months over- a
period of 2 years. An identical array of electric heaters was installed as a
control measure so that the contribution of radiation to the behavior of the
salt could be determined. Also, one mine pillar was heated by a number of
heaters placed in the floor around its base in - order to provide additional
information on the deformation of salt at elevated temperatures. The experi-

mental measurements included salt temperatures, salt radiation doses, radi-
olytic gas production, thermal expansion of floor and ' pillars, and changes in
stress and strain in pillars and other parts of the formation. Thermocouples
were installed for the temperature measurements; surface and internal strain
gauges were emplaced to measure thermal expansiori and inelastic deformation; a
portable extensometer gauge was used to measure roof-to-floor displacement;
and leveling points were used to measure the thermal expansion of the floor.,

Gas was sampled from the annulus between the salt and an outer canister-in the
spent fuel array and in the heater array.

The experiments conducted under Project Salt Vault established

| empirically the magnitude and-relative importance of the phenomena that would
have to be considered-in designing a repository.- In addition, sufficient data'

were collected to allow for the development of mathematical models. The sig-

nificant results from this project and supporting investigations were:
|

1. The observation that brine in the . salt migrated
,

to the heat source (116).
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2. The determination 'of amounts and form of stored
energy due to gamma radiation in salt (475, 722). ,

3. The development of a constitutive relationship
for time-dependent deformation in salt (723, 724).

4. The refinement of a model to predict the distri-
bution of temperature in the salt around the heat
source (116).

5. The determination that chlorine gas
from gama radiation was insignificant (generation116).

II.F.2.2.2 Federal' Republic of Germany (Asse II) I

Asse II is an experimental radioactive-waste-disposal facility
operated for the Federal Republic of Germany (FRG). It is located in an

abandoned and redeveloped salt and potash mine in the small salt dome called
Asse. This dome, one of the more than a hundred domes in the area, is near
tha frontier of the Democratic Republic of Germany. Asse II has operated as
an experimental facility for the last 13 years (725).

Waste emplacement has involved almost all the low-activity

wastes produced by hospitals, laboratories, and research facilities in the
FRG. These wastes are packed in 200-liter drums (some with additional' shield-
ing), and the- drums are subsequently piled in mined rooms. In addition,

sample drums have'been 'imersed in brine in 'remot'e parts of the mine in order
to examine some effects of corrosion. Until recently, intermediate-activity
wastes, which must be handled remotely because ~of the radiation output, . have
been accepted.* Emplacement is done in a large room dedicated to receipt of
remotely handled intermediate-activity waste.-

Hydrologic investigations around the salt dome and in the Asse
hills have defined the general movement of fluids in the surrounding aqui-
fers. Specific surface sources of brine have been investigated _ and the
sources accounted for.

(Recently, receipt of both low- and intermediate-activity waste has halted,
pending receipt of a license from the FRG Regulatory Office to cover this
activity.
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Asse II has been a functioning experimental repository with
waste of intermediate and high activity. The repository has operated success-
fully since 1967, and so far no technical surprises have appeared. The local

hydrologic system has been investigated, and the results of those studies will
be used in long-term safety analyses (726).

The experiments in progress and being designed for the Asse Mine

include (727):

1. Development and testing of disposal methods for
solidified glass blocks of high-level waste,
which includes closure measurements of a 0.3-m
diameter borehole over a depth of 300 m, and the
emplacement ~and later retrieval of the glass
blocks from the storage boreholes.

2. Testing stability of underground openings at
ambient temperature, including measurements of
closure in both old and newly mined rooms and in

i an ellipsoidal cavity (10,000 m3 volume) situ-
ated over a depth of 959 to 996 m, and of seismic

( activity within and outside the mine workings.

3. Emplacement of 2.75-kW electric heaters in a
triangular array of drill holes in the floor for
measurement of temperature perturbations in the

! salt, and of five 1.8-kW heaters in a single
drill hole for measurements of drill hole closure

! and temperature perturbations and brine migration
~

in the salt.

4. Development and testing of backfilling and seal-
ing materials and techniques, using intervals of
hot bitumen and a blended mixture of cement.^ salt /m

gravel in a borehole, and alternating layers of
fly ash and magnesium chloride-saturated brine in
tunnels with small cross-sections.

The results that have come from in situ experiments conducted at
Asse II have included the determination that paint on 200-liter steel drums
immersed in brine pools has -prevented the drums from corroding and agreement -
within 10% between a comparision of mode _1 calculations and in situ measure-
ments of temperature for the heater tests.

The United States is currently- developing a new Bilateral
Agreement (728) with the .the FRG to continue to exchange waste management

II - 254

\|



_ . .

information and initiate joint field testing projects in the Asse facility.
Reconsnendations have been developed for areas of cooperation between the
United States and FRG for the next 5 years (729). A joint brine migration

test - in Asse is planned, to provide verification of laboratory data and
calculational models. Plans are also being exchanged on potential joint in
situ tests in the area of waste / rock interactions.

.

II.F.2.2.3 Field Tests in Southeastern New Mexico

'

A repository, designated the Waste Isolation Pilot Plant (WIPP),
was proposed for construction in bedded salt in southeastern New Mexico. It

was designed for the disposal of transuranic waste from defense programs. In
addition, it would have provided a location for in situ experiments with
defense high-level waste. This program, designed to gain information about
the impacts of heat and radiation in salt, would have been applicable to the
disposal of spent fuel.

In his 12 February 1980 statement, the President concluded that
the WIPP project, as currently authorized, should be car,celed. The site near
Carlsbad, New Mexico, will continue to be evaluated as a candidate site for a
repository in bedded salt. If the Department elects to proceed with an early
exploration shaft at the Los Medanos site, the experimental program outlined
here could be implemented to support the commercial euclear waste management
program.

The research program at the Sandia National Laboratories, which
supported the development of the WIPP, identified three phases for experi-
ment activities: |

1. Laboratory and bench-scale experiments that
support model development and limited cooperative
experiments conducted in existing mines.

2. In situ experiments associated with' an early
exploration shaft at the WIPP site and conducted
without radioactive sources or waste forms.

3. In situ experiments with radioactive sources or
actual waste forms.
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Various laboratory and bench-scale experiments have been

performed since 1976. In situ tests of borehole seals and evaporite gas -

permeability were performed in 1979 (730, 731). Tests of salt permeabilities
at 2,100 feet below the surface were performed with a high'-precision tandem
packer system that measured _ gas permeabilities of approximately 1 microdarcy.
The results of borehole-seal tests are reported in II.D.2.b. Cooperative

experiments with local potash mines have been performed to determine the
environmental conditions in the mines and the deformation of pillars during

mining operations (732, 733). The pillar deformation measurements and

associated instrumentation development (734) were performed during mining
operations in which extraction ratios of 90% were used, resulting in complete
room closure in a few weeks.

A set of in situ experiments was developed to be performed whitn
site-exploration shaf ts were sunk to potential repository levels. The. plan

for these experiments (735, 736) included:

1. Repository design confirmation experiments that
investigate the stability of various excavation
configurations.

2. Heater tests to assess thermomechanical response
of floors and pillars, investigate fluid migra-
tion, and determine performance of waste package
components.

3. Experiments, related ' to operation and design, to
investigate emplacement techniques, .etrieva-
bility methods, mine-face scanning, -and associated
instrumentation development.

Plans for these experiments (735) include placement of- both
full-size waste canisters and unpackaged samples of various forms of bare
waste directly into the salt.

! II.F.2.2.4 Avery Island Field Experiments
,

Field experiments are currently being' conducted ~ in a test
facility at .the 168-m (550-ft) level of the Avery Island mine in domal salt.
The mine is located near New Iberia, Louisiana (604).
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!

At Avery Island, a series of experiments is in progress for

examination of thermomechanical response and brine migration in domal salt,
and for evaluation of experimental-equipment design and instrumentation system
performance. In addition, experiments are planned for extended salt permea-
bility measurements and for preliminary assessments of backfill consolidation,
accelerated borehole closure, and fracture healing. _These experiments will:

1. Evaluate the response of domal salt to a source
,

of heat and compare this response to that of |
bedded salt as observed in Project Salt Vault

'

(608).

2. Examine movement of synthetic brine in a
temperature field and develop methods for future
fluid-migration experiments.

3. Evaluate the performance of a new heater design.

4. Evaluate radar techniques for detecting
structural discontinuities and other anomalies
within intact salt and for locating waste
canisters.

5. Determine the permeability of heated and unheated
salt.

6. Evaluate borehole closure, backfill compaction,
,

and fracture healing. j
I

Three separate tests using electrical heaters in the floor of
the mine have been in operation since June 1978. Experimental data are being
gathered on salt temperatures and thermally -induced displacements and stresses
at different heater power levels, with and without a crushed-salt backfill

between a protective sleeve surrounding the heater and the walls of the
emplacement borehole. Measurements of mine environment conditions, borehole
closure, and the generation of gas by corrosion are also being taken. Metal i

samples are emplaced to ' evaluate the corrosion characteristics of candidate-

canister and sleeve material (455).
Brine-migration experiments are being conducted at three _ post-

tions. 0ne position has no heater and assesses any natural mcvement. Th3

other two include 1-kW heaters and involve monitoring of the migration of
natural fluids and synthetic brine tagged with deuterium * (737, 738).

.
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A radiant-heater experiment is _ currently in progress. This

experiment uses quartz lamps with a power capacity of 2 kW and the capability
0to raise the temperature of the salt to 200 C. . A dry nitrogen and ' desiccant

system is also incorporated to monitor fluid influx to the heater. . A radar
system under development at Sandia Laboratories has been used to scan the salt
pillars to locate simulated waste packages (739, 740).

Current plans for additional experiments include permeability
measurements in the natural salt and around heaters, measurements of the
degree of consolidation of backfill at different temperatures and pressures,
and an evalution of fracture healing in salt.

Results to date for the 1-kW heater tests do not show any major
differences from those of Project Salt Vault. Measured values of thermal
conductivity have been only about 105 higher than those measured in laboratory
tests, probably due to the level of thermally induced stress in the salt.

Preliminary results from the radar experiments indicate that the
interf ace between a simulated waste package and the salt -could be iaentified -
with a spatial resolution on the order of 10 cm. Radar transmission through

180 feet of salt experienced little signal attenuation. Reflected radiation
detected a 2.5 cm diameter steel pipe situated at a depth of 11 m into a salt
pillar. The reflected signal was relatively strong, indicating that
interfaces between salt and electrically conducting material can be detected
in dome salt (741, 742).

i II.F.2.2.5 Experiments at Stripa, Sweden

A cooperative United States-Sweden experimental program (743) to

( support radioactive waste management programs is being conducted at the Stripa

Mine in Sweden. The experimental program involves a series of . in situ tests-

conducted - in a granite formation". The granite formation is accessed at a
depth of 350 m through an iron ore.mine that had recently completed its com-
mercial operation. The Swedish-American _ Cooperative Program was initiated

formally- in July 1977. .The' principals are Sevensk Karbransleforsorjning
(SKBF) and the Lawrence Berkeley Laboratory (LBL).
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The experimental program is broadly based .and addresses a wide

range of questions.. The tests of greatest interest to understanding the abil-
ity of hard crystalline rock to isolate the waste are:

1. . Confirmation that existing computer codes are
capable of accurately predicting the temperature
profiles in a wet, jointed hard rock.

1

2. Measurement of the rock-mass permeability as a
function of temperature and pressure.

3. Determination of the magnitudes and principal
directions of in situ stress in the rock mass.

4. Determination of thermally induced stresses and j
deformations in the rock mass around electrical ,

heater emplacements, and of any related phenomena
due to heating of the rock.

,l

5. Testing of a macroscopic method to define the '

combined bulk and fracture permeability of the
rock.

|

The program conducted at Stripa is the first comprehensive set
of in situ tests to evaluate hard crystalline rock as a medium for disposing
of radioactive waste. The significant results to date of this set of

experiments are given as follows:

1. Two different experiments using emplaced heaters j
have demonstrated that existing computer- models '

can calculate accurately the temperature profiles
in the rock. The experiments demonstrate that

i

the predictions are accurate over a period of 20
years (this prediction results from the ability
of one of the tests to compress 20_ years of heat
flow into 2) (744).

2. The measurements of the permeability of the rock
mass indicated that the permeability decreased
with increasing rock temperature. Other
measurements showed that the permeability was
independent of pressure (745).

3. The meusurement of in situ stress in the- hard
. rock showed that there was substantial scatter in
the magnitude and direction of the stress (746).
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4. The calculation of the deformation resulting from
heating of the rock mass was greater by a factor
of three than that measured in the experiments.
Three potential causes for the discrepancies

of the input data; (b) gated are (a) the validity
currently being investi

the factors considered in
the - thermomechanical model; and (c) the adequacy
of the instrumentation for the mer.surements (744). |

5. The calculation of the change in stress resulting
from heating of the rock mass agreed closely with
themeasurements(744).

6. The decrepitation on the wall of the hole in
which the heater was emplaced increased with
increasing temperature. The major spalling
occurred when the wall temperature exceeded
3000C. Two separate phenomena are suspected of
being responsible for the spalling, one that is
time-dependent and a second that is stress-
related. Agreement has not been reached on this
issue (747).

|

The experiment to evaluate the fracture permeability is still
' under way. Conclusions regarding its capability of determining an integrated

measure of bulk and fracture permeability will _ not be made for at leastj
'another year.

II.F.2.2.6 Experiments at Studsvik, Sweden

At Studsvik, about 90 km south of Stockholm, an experimental
site in migmatitic-gneissic granite was chosen for in situ experiments on

| nuclide migration in fractured crystalline rocks (748). The fracture system
appearing at the surface was mapped. Horizontal fractures were observed in
core samples. Many fractures were filled with calcite and chlorite.

Boreholes were drilled in the test area, and different borehole
investigations were carried out in order to determine the hydraulic conditions
and to find flow points suitable for transport experiments. Three boreholes

were selected for injection experiments.
Small amounts of Se, Tc, Sn, Cs, I, Nd, Sr, and Br were dis-

solved in ground water. pumped from one borehole and injected at a specific
depth in another. The nuclides were then forced into thef fractures by con-
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|

|

tinued pumping. Effective sorption coefficients were determined by these
experiments and compared with those obtained from laboratory experiments that 'l

had been done for planning purposes. Overall, the -in situ sorption coeffic-
ients showed good correlation with the laboratory values.

The earlier experiments were repeated after injection of benton-
ite slurry into the zone in which nuclides had previously been-injected. The

object of this series of tests was to determine how effectively the bentonite
filler in the fractures would retard the release of radionuclides. Approxi-
mately 2 tons of bentonite were injected in this experiment. Radionuclides

82were injected into the bottom of the borehole. Two tracers, 8r and
85Sr, were used to monitor the injection procedure. All the tracer activity

remained in the borehole and could not be detected in the other boreholes
af ter a period of approximately 1 year. The experimental results suggest that
af ter bentonite injection the migration of Sr was less than 1/100 of the ear-
lier migration.

II.F.2.2.7 Climax Spent-Fuel Test, Nevada

A test facility is being constructed at the Nevada Test Site
(NTS), north of Las Vegas, Nevada, to investigate the suitability of granite
as a host rock (749, 750). The two main objectives are:

1. To simulate the environment produced by a waste
canister in a granite formation and to measure
its effects.

2. To evaluate the differences between the effects
of radioactive waste sources and electrical simu-
lators on the granite.

Secondary technical objectives of the experiment are:

1. To compare the mechanical response of the rock
formation to mining with its response to . ther-
mally induced loads.

2. To compare predicted and measured heat removed by
mine ventilation.

3. To compare the thermomechanical response of
fractured rock with that- of relatively less.
fractured rock.
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| The test will be conducted in a representative granite that is
,

'

composed of two main units (granodiorite and quartz monzonite) located on the
northern end of the Nevada Test Site. The level at which the test facility is

| located is 420 m below the surface in a newly constructed tunnel adjacent to
an, existing set of tunnels. Eleven spent-fuel elements and six electrical
heaters will be emplaced in a linear array on 3-m centers. Each fuel element

Will generate approximately 2 kW of thermal energy when it is emplaced, and
|

this heat rate will decrease to 1 kW af ter 5 years. The thermal output of the
heaters will be varied to match that of the spent-fuel elements.

;

| The experiment was designed to simulate a repository with an
init'.a1 loading of spent fuel at 44 W/m2 (178 kW/ acre) with drifts spaced on
15-m centers. Such a repository in granite would experience the maximum tem-
perature in the rock approximately 50 years after the spent fuel is emplaced.
In this experiment a similar maximum temperature in the rock adjacent to the
emplacement hole will be attained within 2 years after emplacement. This

temperature profile could be maintained in the rock surrounding the emplace-

|
ment hole for more than 50 years. This test will demonstrate empirically the

l potential impacts of the disposal of spent fuel in granite in the near field
on a scale comparable with a real repository.

Preliminary heater experiments were conducted in the Climax
granite to determine the thermal conductivity of the granite rock mass. These
measurements indicated that the thermal-conductivity values for the granite
rock mass measured by in situ methods were approximately 10% to 20% greater
than for intact samples measured in the laboratory. The field experiments
also indicated that the measurements across major fractures were about 10%
greater than. the measurements parallel to the major fractures in the rock
mass. Measurement of the permeability of the granite to gas (dry nitrogen)
showed a decrease in permeability- with increasing rock temperature. This is
interpreted to mean that the pathways by which a gas could escape through the
rock decrease in size as rock temperatures increase.

The effects of radiation on granite will be studied. Gamma

radiation is not expected to have any significant ~ impact on the mechanical or
physical properties of granite (751); however, the chemical change in the
minerals due to radiation is yet to be determined. - The -effects will be
determined by temperature measurements, v!sual inspection of the boreholes,

II - 262



_ - - - _ _ _ _ _ _ _ _ _

|

and microanalytical work on rock samples taken before and af ter the exposure.;

The differences between the effects of the electrical simulators and of the |
radioactive source; will be derived from this data.

i

Measurements of deformation were made in the rock above the
tunnel opening during the mining operation. The deformation of the rock at
the same positions will be measured during the course of experiments with the
spent fuel. These measurements are being made because experts in the field of
underground structures in hard rock have suggested that normal mining opera-
tions (creating the opening in solid rock) have greater impact on the sur-

,

rounding rock than does heat from the waste. This experiment is significant
because it will empirically measure the relative severity of the impacts of
mining and of heat on the rock.

Experiments will test the validity of calculations of the gaant-
ity of heat that can be removed by ventilation of the mine. These calcula-
tions will be made by models that consider heat flow in fractured rock.

Spent fuel will be emplaced in the near future. It is antici-

pated that a period of 6 months to a year will be required to accumulate suf-
ficient data to allow a meaningful analysis. The analysis of the data from

the measurement of rock displacement during the construction of the tunnel is
under way. The measurement will be compared with supporting calculations
performed using appropriate mathematical models.

II.F.2.2.8 Colorado School of Mines Experimental Mine, Thermomechanical
Test Facility

The Colorado School of Mines (CSM) has driven a tunnel in its
Experimental Mine for use in the NWTS Program (752, 753). The CSM
Experimental Mine is located near Idaho Springs, Colorado, and is situated in
granite gneiss. .The test facility room is situated under approximately 300
feet of overburden. The objectives of the tests are:

1. ~ To assess the effects of blasting on the rock
mass.

2. To . determine constitutive relationships for
. crystalline rock masses.
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3. To evaluate the heated flat-jack test as a method
for obtaining the mechanical properties of
jointed rock masses for input to thermomechanical
models.

Extensometers and leveling pins were installed during construc-
tion to monitor the rock-mass behavior. Permeability measurements were made

in boreholes parallel to the tunnel as the _ excavation proceeded. Additional

work will include measurements of in situ stress and a statistical evaluation
of fracture parameters and permeability measurements.

.

II.F.2.2.9 Eleana Argillite Test, Nevada
.

A series of tests has been conducted at the Nevada Test Site to
investigate argillite as 'a host rock (754-756). The objective of this test

was twofold:

1. To determine the phenomena that would occur if a
thermal source were emplaced in a hole in

1

argillite.

2. To confirm the application of thermal models to
the prediction of effects in argillite.

The test was conducted in. the Eleana argillite formation in the
Syncline Ridge section of the NTS. It used an electrical heater similar in
size to a canister of high-level #aste, emplaced in the argillite approxi-
mately 10 m below the surface. The heater was operated at a power level of4

3.5 kW, to simulate the power produced by a canister of 10-year-old high-level
waste of borosilicate glass with 30% fission products. The test was conducted
for slightly over 3 months, and temperature and pressure were. the major param-
eters measured.

Temperature data taken during the test confirmed that tihermal
properties measured in~ the laboratory, used in conjunction with a standard

'

model for predicting temperature, accurately described the temperature field
~

surrounding the heater.. Sma?1 deviations from the predicted behavior at the-
beginning and at the _end of the _ test were observed. These deviations from

-

predicted values suggested that unexpected-. phenomena were occurring in the
test.t

l'
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The primary information derived from this experiment is that 1

phenomena different from those found in other geologic media were identified.
This information is essential preliminary input to the design of any sophisti-
cated test to evaluate the suitability of Eleana argillite as a medium suit-
able for a repository. The first phenomenon discovered was an upward movement
of the water in the argillite when the heat was initially applied. The

second was mineral dewatering, which led to material shrinkage and operiing of
! joints.
,

Several conclusions concerning argillite have been drawn from
this experiment. They are as follows:'

| 1. At temperatures near the boiling point of water,
; the thermal and mechanical responses of argillite

are dominated by the effects of clay contraction.
'

2. Contraction causes the opening of pre-existing
joints that results in fracture-permeability
transport of steam- and water within the 1000C
isotherm.

3. As dewatering occurs, the in situ thermal conduc- |

tivity decreases below the value before heat was
applied.

4. When these phenomena are included in the model
that describes the temperature around the heater,
accurate predictions of temperatures are obtained.

5. Although models adequately predict the- thermal
and mechanical response of argillite, the models
could be improved if they were expanded to
include the anisotropic properties and existing
jointing systems in argillite formations.

The discovery of change in physical characteristics of the rock
due to water movement and dewatering during heating indicates that- careful
attention must be given to these phenomena in the design of a repository in-'

argillite. T,he modeling of these effects in argillite for a depth of 1,000 m
indicates that.they might not be as severe-there because of the greater litho-
static pressure. Additional experiments at an appropriate depth would be
required to. confirm this prediction.

- .

;
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II.F.2.2.10 Conasauga Near-Surface Heater Experiment'

An in situ experiment was conducted at a surface site near Oak
Ridge, Tennessee, to evaluate the response of a shale formation known as the
Conasauga shale to the thermal load that simulates the heat production from a|

canister of high-level waste (757). Two heaters 0.3 m in diameter and 3 m in
length were emplaced in holes approximately 15 m below the surface. They were
operated at a power level of 10 kW initially, and later at 6 kW.

The major objectives of the tests were to:

1. Measure the in situ thermal conductivity and
determine if it would change due to heating.

2. Determine if the primary mechanism for heat
~

transfer for a very wet formation involved both
convection and conduction.

3. Determine if the mechanical response of the
rock resulted in a significant change in the
permeability.

4. DetePmine if the heat produced any mineralogic
changes in the rock.

5. Measure any variation of ground water
composition resulting from heating.

The test was conducted for approximately 8 months. The

information gained from the experiment is given as follows:

1. The thermal conductivity of the shale changed
from preheating value of 2.3 W/m OC to a
value of 1.5 W/m OC at the completion of
heating. The lower value is associated with
shale that had been dehydrated.

| 2. Heat transfer in the formation is primarily by
conduction, although perceptible displacement
of the isotherms is caused by 1 steam in the
region immediately around the top of the
heater. The isotherms for temperatures below
the boiling point were accurately predicted by
conventional models.
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3. -The . overall behavior - of the heated shale
: formation was a - modest thermal- expansion
despite- the contraction associated with the
dehydrated material.

4. The presence- of- even moderate confining
pressure- has a greater- influence on the
properties of the shale than its loss of water.

5. The chemical environment created in the shale
during the test was strongly oxidizing.'

6. The permeability of the shale decreased with
increasing temperature.

II.F.2.2.11 Near-Surface Test Facility

The Hanford Site in Washington has'been identified as a location
at which a repository in basalt might be placed (758, 759). The program.in-
cludes a Near-Surface Test Facility (NSTF) for conducting in situ tests. The

NSTF crosses several basalt flows, and the test area is located in the -Pomona

Basalt flow (II.D.5) with an overburden of 100 m. This flow is similar to the
Untanum Basalt flow under the Hanford Reservation, which is considered a
potential candidate for a repository site. The- objectives of the test are .to
measure thermomechanical properties, establ.ish limits for thermal loadings,

'

compare modeling predictions with field data, and evaluate the ' impacts ; of -
radiation.

Several jointed-block tests, sometimes referred to .as heated'
flat-jack tests and similar to the one at the CSM Experimental Mine, will be
conducted. The _-purpose of the tests . is to study the response of the jointed

~

basalt rock mass to various loads as a function of temperature and structural
orientation. The measur2d mechanical and physical properties of the rock mass -

7'Iat various temperatures will be_ used as input. data to- calculate the deforma-

tions that will be measured -in the full-scale heater- test described below. It

has been proposed that the mechanical and ' physical properties measured by this
~

technique are more representative of the rock mass than laboratoryf. data and
will improve the accuracy of models to predict stress and displacement pertur - i

:bations in the rock due to heating. j
i
1

)
1

1.:
- -

a
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The first full-scale heater test involves the emplacement of an

electric heater the s1ze of a canister of high-level waste in a hole equal in
size to that proposed in repository designs. The hole will be surrounded by
peripheral heaters to control the temperature field and gradients. Instru-
ments to measure the temperature of the rock, as well as displacement due to
thermal expansion, will be employed. Full-scale and peripheral heaters will
be operated at - power levels that approximate the conditions in a conserva-
tively designed repository. The main objective of this experiment is to test

i the predictive calculations for the displacement of hard rock under thermal
load, and to evaluate a new method for obtaining mechanical and physical prop-
erties of the rock mass.

The second full-scale heater test has the same configuration as
the first, but without peripheral heaters and instrumentation to measure rock
displacement. This test will establish empirically the maximum power load

that can be sustained in an emplacement hole in a basalt formation. This test
will determine the maximum temperature that the in::ide of a waste emplacement
hole can tolerate without compromising the retrievability of the waste.

A test using spent fuel will be undertaken to determine the

combined effects of heat and radiation on the basalt and potential canister

materials. In addition to spent fuel, ~a canister of high-level vitrified

waste will be emplaced in the basalt. While basic knowledge of the impact' of
gama radiation on crystalline solids indicates that there should be no sig-
nificant impact on the mechanical or physi, cal properties of the basalt, the
impact on chemical stability remains to be established.

The first jointed-block test and the ~ first heater test will

begin in 1980. By mid-1981', it will be possible to evaluate -whether thermo-
mechanical models, using properties derived from the ' jointed-block test, will
improve the accuracy of predictions of thermally, induced stress and deforma-

~

tion in hard rock. The second heater test will begin in 1981. It is_ antici-
pated that the determination of maximum temperatures and power levels for an

;

! emplacement hole for basalt will be determined by 1982. . The emplacement of
spent fuel and high-level vitrified waste will take place in 1982.

'
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-II.F.2.3 Observations of Natural Systerr3

The models -discussed in II.F.1 simulate complete physical phe-
nomena over time scales which, in many cases, are far too long to duplicate in
laboratory or in situ experiments. A few cases in . nature provide analogs of
situations of interest to waste management; consequently, investigations have
been initiated which are intended to extract corroborating data for the

models. Some examples of current investigation and their role in supporting
model development are given in the following sections..

_

II.F.2.3.1 Natural Reactor Fission Program

Field Studies are in progress at a naturally occurring deposit
of radioactive wastes near a uranium mine (Oklo) in Gabon, West Africk(760).
These wastes were created 2 ' billion years ago when sufficient uranium ore
accumulated to sustain a fission chain reaction for several hundred thousand
years.

These studies are expected to yield information on the release
rate of waste products. Examples of the relevance of data collected to date

on the relcase rates of radionuclides from spent fuel appear in II .E.1.5.
'

Correlations of observed release rates in the field and commensurate labora-
tory experiments can be used to support specification of the source terms used ~j
in long-term performance assessment calculations.

In addition, these studies will be used for comparison' with
models for radionuclide transport. Current investigation includes the use of
elements and isotopic analyses to-locate transport paths for specific radio-
nuclides. The quantification of distances traveled by these radionuclides
from the natural reactor. site will be' performed and comparison will be made
with transport calculations.- ' ~

,

|

II.F.2.3.2 Study of the Morro do Ferro Thorium Deposit-

An . evaluation of ' radionuclide transport models -is also ~ beir.g
performed with measurements of the transport and -dispersion of radionuclides-
from the Morro do'Ferro . thorium deposit . in Minas Gerais, Brazil . (761). -' Meas -
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~urements of' initial dissolution and subsequent movement of thorium, uranium,
and ' other' rare earths' away from a well-defined ore body in water-saturated1

i media will be used to calibrate models for plutonium transport.
!

II.F.2.3.3 Correlation with Uranium Leaching Experiments

A third exa.nple in which radionuclide trarsport models are being

| evaluated within the NWTS Program is the coo;;aratne study by - the USGS and
U.S. Bureau of Mines of a uranium-leaching experiment near Casper, Wyoming

(762). Data on uranium leaching and transport will be correlated with the
models to assess the validity of source term assumptions and radionuclide
retardation in ground water.

:

| II.F.2.4 Experiment Summary
i

The development and verification of models to assess the perfor-
I mance of a mined geologic disposal' system has incorporated a wide variety of

j experimental programs. This ' experimentation has been performed at various
'

scales over the last 15 years and has resulted in. the development of numerous
siodels to predict the performance of the waste package,: the repository, and '

the transport of radionuclides through the- geosphere. These models have' been

supported by the adaptation of existing models from various technical fields
such as hydrology, rock mechanics, and biosphere radionuclide transport, which
have an extensive experimental basis. While modeling of- individual phenomena
is well developed, there is current emphasis within the NWTS Program on. veri-
fying models and providing site-specific-data to evaluate designs at potential

j sites. The methodical application of experiments which successively 'incorpo-
rate the effects of time and spatial scale and the impact of . synergistic

effects of various phenomena will be combined with a'prioH predictions, sci-
entific overviews, and quality assurance programs to further strengthen the
technical basis for the-models. This process is expected .to provide models.
sufficiently refined' to support the successful . licensing of a' mined geologic
disposal system.-

,
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| II.F.3 Operat:onal Phase Safety Assessment

I

As indicated in Objective 3 in II.A.1, the operations at a

repository should be. conducted in such a manner that any risks are comparable
to or less than those posed by existing nuclear fuel-cycle operations. Simi-
larities between the designs, storage requirements, and handling requirements'

at repository sites and those at 'other fuel-cycle operations suggest that;

existing regulatory guidance from the Nuclear Regulatory Commission may be
applicable to the NWTS rogram (763-771). Even some aspects of those activ- |
Ities associated with shaft and disposal room construction, waste emplacement, |

' and also subsequent backfilling which have not been previously addressed in
Commission licensing may be covered by this guidance. This Section reviews
the methods available for assessing the radiological safety of the operational
phase activities and considers potential issues which may result from such
activities.

The discussion presents an overview of the. operations expected;

at a repository, followed by a discussion of normal operating considerations.
. Safety analyses of abnormal or accident situations, including the considera-

| tion of emergency response planning, waste retrieval, decommissioning, and-
post-closure monitoring are then addressed.

' II.F.3.1 Operational Phase Activities

:
<

The operational phase of a repository is defined as the time.
from receipt of the first nuclear waste on site through repository closure and

) sealing. During this phase certain activities, such as the continued excava-
tion of disposal rooms, waste emplacement, and the backfilling of disposal

;

rooms af ter waste emplacement, may occur concurrently. The options related to' |
such activities are discussed briefly in II.F.3.2. |

The major safety-related steps during the operational phase are: I

1. Receipt and Storage--The on-site -transportation,
receipt and storage of spent fuel will . be con-
ducted in a ' manner similar- to . that ' currently
practiced at existing nuclear installations.--

,

!
,
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I2. Packaging--Spent fuel assemblies will be removed

fram the storage basin, taken to a hot cell,(see
and

placed in canisters and sealed. stabilizers
II.E.1) may be added to the canisters, if approp-
riate, and special packaging of damaged fuel
assemblies may be provided if necessary.

3. Trar.sfer--Sealed canisters will be taken from the
hot cell and transferred to the underground via
the waste shaft hoist system. During such opera-
tions appropriate radiation shielding will be
provided.

4. Underground Transport and Emplacement--Canisters
will be transported in special shielded vehicles

-

to the ultimate disposal location for emplace-
ment. Emplacement may include placing sleeves
and special backfill materials around canisters.

5. Closure--Upon completion of all waste emplacement
activities, all disposal rooms and abandoned
access and ventilation corridors will be back-
filled. (Some backfilling of individual rooms
and drifts may have occurred during the emplace-
ment phase if approved by the Commission for
specific facilities.)' This phase includes
sealing of the shafts and decommissioning.

The operational phase has been divided into these five steps to
highlight the safety considerations. More detailed descriptions of the oper-
ating phase for a spent-fuel repository in bedded salt and a solidified high-
level-waste repository in dome salt are contained in NWTS Program documents
(116, 772-775).

II.F.3.2 Normal Operations

. As briefly described above, the surface portion of the reposi-
tory f acility will be comparable to existing fuel-cycle facilities. Except

for lower extraction ratios and differences due to usage, the below-grade
repository structure will be similar to connercial mines that use room and

pillar construction methods -for the extraction of minerals. Thus, there will

be a series of rooms separated by pillars that are large enough to provide the
required stability (an'' extraction ratio of less. than 20% is 'likely; see
II.E.2). The following discussion briefly examines operational phase activi-
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ties, methods of analysis, and requirements relating to the' safety of normal
operations.

It is instructive to note some of the differences in operation-

al phase safety concerns between repositories and power reactors. In a power
reactor, fuel assemblies are subjected to high operating pressures and temper-
atures and the fission product inventory within an assembly is at its maxi-
mum. The dynamic nature of reactor systems and large temperature differences
necessitate numerous active protective and control systems. Conversely, spent

fuel assemblies at a repository are at much lower temperatures and will not be j

subjected to the environmental conditions which are encountered in reactor

operation. Consequently, repository operations will not need to contend with
large internal driving forces that could lead to waste release, and they do
not require the level of sophisticated active control systems associated with

,

|
certain other fuel-cycle facilities.

On site the spent fuel will be transported, handled and stored
in a manner similar to that described in the discussion of spent fuel handling |
in IV.D. Disassembly of fuel assemblies may occur for certain package config- )
urations (II.E.1); for example, a process may be necessary for removing and I

separately packaging damaged fuel pins. Consequently, the potential for rou-

tine releases of radioactive materials is limited to those which are associ-
ated with possible surface contamination or gaseous leakage from some spent
fuel assemblies.

Removal from storage and packaging will occur under controlled
conditions. In addition to the incorporation of radiation shielding, systems
for controlling potentially ;ontaminated air and water will be provided.

Water purification and air filtration will be employed to control such releas-

es in accordance with applicable regulations. For normal operations after the
spent fuel is placed in canisters, the potential for release of radioactive

material will be small. Possible release points during normal operations can
be identified by analyzing the operations taking, place and estimates of the
expected radiological source term can be made. The effectiveness of liquid

and airborne treatment systems can be evaluated in the same manner as is the
effectiveness of existing reactor and fuel-cycle facilities (764). The effec-
tiveness of treatment systems will be judged by assessing ~ performance based, on
either existing or forthcoming standards. Specifically, the Environmental
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Protection Agency has issued 40 CFR Part 190 as a standard for routine efflu-
'

ents from fuel-cycle facilities. A similar numerical standard for waste man-
agement support facilities has been planned by the EPA but has not yet been
published. In the interim, the Department will focus on 40 CFR 190, as the
forthcoming waste management standard is expected to be similar in nature for
the repository operations phase.

Formal license conditions and/or technical specifications will
i be used to prepare operating procedures and limits. Operation of the support-

ing facilities and equipment in compliance with such conditions / specifications
will help ensure that routine releases will be acceptably low. Examples of

the levels of human exposure from these releases are presented in II.F.4.3.
4

I

II.F.3.2.1 Occupational Radiational Exposures

Preliminary calculations for estimating occupational radiationi

exposures have been performed, and desirable and necessary attributes of a
health physics program have been identified (772). Occupational radiation
exposures associated with the transfer and emplacement of waste below ground
could be due to:

'

1. Direct radiation from the transfer cask during
loading, transfer and emplacement.

| 2. Direct radiation from the emplaced canister
through the shielding plug and cover.

3. Radiation transmitted through the host media.

4. Naturally occurring radiation (e.g., radon).

5. Radiation carried through the ventilation system.

The two classic controls on occupational exposures are: (i)
limiting the length of time that workers remain in radiation fields or contam-

[
inated areas, and- (ii) limiting the intensity of the radiation field and the
amount of contamination, if. any. It is common practice to segregate parts of
facilities into radiation zones' within which access is controlled (763, 764).
Radiation shields and geometry considerations will be included in repository

,
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design to reduce radiation levels, and equipment designs and layouts will be '

planned to minimize potential exposure times.
For example, remote handling methods, if necessary, will be !

used for maintenance operations involving extended periods of work with con-
taminated equipment or equipment in areas of high radiation. The maintenance

and repair of cranes and manipulators in hot cells, for example, should mini-
mize the need for worker ingress.

The Department is committed to maintaining occupational expo-
sures as low as reasonably achievable in its facilities (776). NRC regula-

tions (10 CFR 20) and guides (770, 771) are available to provide guidance in
this area.

During normal operations, excavation of additional disposal

rooms, emplacement of the canisters in disposal rooms, and either backfilling
or sealing of filled rooms will occur. To accommodate such activities without
disrupting normal operations, the underground structure will be developed in
such a manner that the waste canister transfer and emplacement operations will
be physically separated from the other activities. In order to minimize the
likelihood of accidents involving the canisters and to reduce occupational
exposures, it is possible to provide several transfer corridors and to adopt a
canister emplacement sequence involving use of the extremities of disposal
rooms first.

II.F.3.3 Safety Analysis

I
Many operations in the surface facilities will be similar to I

operations currently ongoing in licensed f acilities such as the General Elec-
tric-Morris, Illinois, installation (777). Many surface facility operations,

such as dry handling of fuel or packaging, will employ technology similar to
that previously reviewed by the Commission for operations at reprocessing
f acilities (778, 779) and laboratory hot cells. Operational phase risks can
be partially assessed in terms of those Commission requirements which appear
relevant. Issues such as emergency planning and accidents can be assessed in '

light of existing and proposed criteria and practice (e.g.,10 CFR 50 Appendix
E, proposed 10 CFR Part 72,10 CFR, Part 71, and proposed Appendix P to 10.CFR
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50). Such requirements and proposals are directly applicable to receipt,
storage, and packaging.

The requirements for activities conducted below grade in the
repository structure, such as underground transport and waste emplacement,
need to be evaluated as to their potential effects on long-term repository i

behavior. Maintenance of long-term repository integrity as related to excava-
tion is addressed in II.E.2. During the operational-phase safety assessment,
the design and procedures will be evaluated to ensure that long-term behavior'

of the repository will not 'be adversely affetted by the operational-phase
activities. Evaluations conducted to date have discovered no potentially
disruptive events which could not be avoided or compensated for by design.

II.F.3.3.1 Methods of Safety Analysis

The methods to be used to identify and assess operational

safety impacts will include the following:

1. Identification of potential accident initiators,
determination of accident scenarios, and evalua-
tion of proposed operating procedures for possi-
ble human error.

2. Accident analyses, including evaluation of poten-
tial impacts on repository effectiveness.

3. Comparison of calculated releases with applicable
dose guidelines. .

4. Based on the results of 2 and 3, modification of
design and procedures to ensure compliance with

; applicable requirements,
t

To assist in this approach, fault and event trees may be ap-

plied to identify the various outcomes of a given initiating event. Subse-

quent scenario analysis will be performed by conventional techniques (i.e.,
heat transfer, stress analysis, structural analysis, etc.). Consequence anal-

ysis will be done similarly, using available state-of-the-art computer models,
such as INREM-II, which incorporate the ICRP task group lung model (780, 781).
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Events will te evaluated according to their impact on either
(i) operations aboveground or belowground, or (ii) long-term performance.
Based on their calculated consequences, the most limiting will be identified
as design-basis events. Such events will be used to evaluate the adequacy of
the design, operation, and specific procedures. Any potential operational-

phase events shown to result in significant release or to have significant
impacts on long-term performance will be prevented or mitigated by design,
operating procedures, or technical specifications. The repository will be

designed to ensure that the event is not credible or that the cvent results in
acceptable consequences. Examples of such events and possible mitigating
measures include:

Inadvertent Impact of Canister During Waste-Han-1

9 %g Process. Potential short-term releases of
radiation due to possible puncture of a canister
would be controlled by ventilation system isola-
tion and/or by filtration. Increased local
stress in the canister, which might increase
stress corrosion rates or accelerate the degrada-
tion of the canister, would be mitigated by can-
ister overpacking so as not to affect long-term
isolation. Similarly, the canister design will
include provision for impacts that may occur
during handling (see II.E.1), or it could be
returned to the surface facility for repackaging.

2. Unacceptable Waste Characteristics. Accepting
waste with characteristics significantly differ-
ent from those for which the repository was de-
signed could adversely affect the handling opera-
tions and waste package performance. A quality
assurance and surveillance program will be used
to assure that spent fuel accepted for disposal
will be in conformity with predetermined waste
acceptance criteria.

I 3. Cask Drop. The failure of a shaft hoist or ele-
vator could cause a cask to drop the length of
the shaft. Unmitigated, such a drop might breach
the cask and disrupt normal operations. In addi-
tion to a highly reliable hoist system, mitiga-
tion measures such as velocity-limiting devices
in the shaft and/or impact absorbers in the cask

I or base of the shaft are being considered. Oper-
ating and maintenance procedures will further
increase hoist reliability.

1
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-4. Floods. Surface water inflow through shaft open-
ings, due to phenomena such as rain, flooding,
dam failure, etc., is not expected to cause re-
pository flooding. Siting criteria (e.g., avoid-
ance of flood . plains) and design criteria (e.g.,
protection against floods) will be employed.
During repository construction and operation,
protection against ground water . inflow will be
provided. During shaft construction, water in-
flow will be controlled by grouting or other
means. Dewatering systems will be designed to
handle and measure possible water ingress during
operations.

II.F.3.3.2 Example Analysis

The following example highlights a specific hypothetical prob-
lem and notes mitigating measures that could be considered.

The reliability of shaft hoist systems is affected by the de-
sign and operational procedures. For example, the hoist system can incorpor-

i ate redundant cables, each capable of performing the required functions, or
include provisions such as discussed in item 3 above. While design and oper-
ating provisions should make waste hoist failure unlikely and impact absorbers
can reduce disruption of a canister, hoist failure resulting in the drop of a
spent-fuel canister under conditions similar to those envisioned for a commer-

cial repository has been analyzed as a potentially limiting event (782). The

ventilation system in the hoist shaft could be designed in such a way that, in
the event of an accident, air flow could be stopped and/or treated by high
efficiency particulate air (HEPA) filters. Such a design would mitigate the
release of particulate matter. In order to consider the worst consequences,
however, an analysis was performed that assumed that ventilation air flow
would continue af ter the drop and be exhausted directly into the environment
without filtration. (Radioactive particulate matter would not be readily
dispersed to the site environs unless both the ventilation system were allowed
to continue running and the filters failed- to perform.) Such an analysis is
useful in placing an upper bound on the relative off-site impacts of gaseous
and particulate releases.;
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Without filtration, the controlling dose was calculated to be
about 70 mrem to the bone of a receptor at a position 3-1/2 miles from the
release point. If the ventilation air- were treated by exhaust filters, sig-
nificantly lower calculated doses would result and the critical organs affect-
ed would be different. For example, the ' controlling doses for the case with
filtration would be about 0.01 mrem to the lung and 0.009 mrem to the bone.
These dose consnitment figures represent integrated effects 50 years af ter
exposure and are small fractions of the doses received from natural background

radiation.,

The results available to date demonstrate that, in the case of'

a canister hoist drop, the consequences are comparable to those associated
with postulated accidents at existing fuel-cycle facilities. Furthermore, the
results are very minor compared to many reference exposure criteria. 'For
example, dose guidelines used in NRC siting evaluations of nuclear facilities
are specified in 10 CFR, Part 100, as 25 rem whole body and 300 rem thyroid.
Dose guidelines suggested in the proposed 10 CFR, Part 72, are 5 rem whole
body. Lung and bone dose guidelines are not specifically addressed in those
guidelines, but equivalent ' organ doses reflecting a whole-body dose of 25 rem
have been used in licensing reviews by the Commission staff. These equivalen-
cies are based on dose limits suggested by the International Commission on
Radiological Protection for specific organs (783). The resultant reference

exposure criteria are: whole body, 25 rem; bone,150 rem; and all other or-
gans, 75 rem. These values are not necessarily intended to be used as accept-
able dose limits for severe accidents at a repository, but they provide a
benchmark by which margins of safety have been assessed in the past and estab-
lish an exposure ratio for organs of interest.

Systems will be designed such that, in the event of accidents,
involuntary exposure of both workers and the general public will be mini-
mized. A value of 5 rem whole body is in interim use in the NWTS Program.
This corresponds to an upper limit protective action guide value for the gen-
eral public issued by the Environmental Protection Agency (784).
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-lI.F.3.4' Emergency Response Planning
_

l

Emergency response plans will be developed in conjunction with.

proper siting. and security arrangements to mitigate the impacts of unforeseen
disruptive events on the public health and safety. The Department is follow-

~

ing the development of requirements for radiological emergency plans for reac-
tors which are currently being revised by the Nuclear Regulatory Commission

| (785). Although evaluations of on-site activities conducted to date have not
identified events which require off-site emergency reponse plans, the Depart-;

| ment recognizes that incorporation of additional precautions for protecting
public _ health and safety is a prudent step. Consequently, emergency response;

plans will be developed in, conjunction with State and local governments before
authorization of construction so that there will be predetermined actions that
can be taken in the event of unforeseen industrial or radiological accidents

| associated with repository operations. These activities will be coordinated
with the Federal Emergency Management Agency (FEMA) and the Nuclear Regulatory;

Commission.

II.F.3.5 Waste Emplacement and Retrieval Considerations

I

; Confidence in the suitability of the repository will be high at
! the time waste emplacement operations commence because of extensive review

within the NWTS Program,- peer reviews, and Comission licensing reviews. The

verification of the suitability of the repository system will continue, how-
ever, throughout the waste emplacement period. Waste emplacement operation
will allow for testing and monitoring during the first few years of repository
availability.

Retrieval refers to the. removal of the canisters from the re-
- pository if the long-term performance of the repository system were found to
. be unacceptable at some point prior to sealing. . The initial waste emplacement
will be conducted in a deliberate manner. to allow for testing and monitoring
during the first few years of repository availability. Instrumentation will
be installed with the initial canisters. The details of this monitoring pro-
gram will be- developed in ' conjunction with the Commission licensing review.
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Such a program will allow for the collection of additional data that can aid
in minimizing uncertainty and in further assessing the response of the geolog-
ic system to waste emplacement. The results of those evaluations will be
compared to results from in situ testing during the subsurface construction
period and throughout the operational phase of the repository to ensure site
and design adequacy. From these types of activities, further data will con-
tinue to become available for use in assessing and verifying computational
models that form the basis for long-term projections (II.F.1).

Design features will be provided to allow for the retrieval of
emplaced canisters throughout the operating phase. Waste package design

(II.E.1) and repository design (II.E.2) have been considered elsewhere in this
statement. This section describes the present concept for retrieving wastes
from the repository during the operational phase. j

Conditions that could lead to a decision to retrieve emplaced

waste have been considered. Three examples of these conditions can be out- |
lined as follows: i

1. The design of the repository will be based on
,

data obtained and upon accepted thermal, mechani-
cal, and hydrological models (II.F.1). As men-
tioned, conservative allowances will be made to
accomodate design bases (II.A.2). Nevertheless,
retrieval of the waste and abandonment of the
repository could conceivably be required if tests
and acquired data show that a sufficient degree
of confidence could not be provided.

2. The testing program might show that certain waste
packages have defects that could be corrected by
retrieval, overpacking, and re-emplacement.

3. A portion of the repository might be found to be .

unsuitable, and the wastes could then be removed
and re-emplaced in a different section of the
repository.

The most difficult (and probably least likely) case would be

imposition of a Type 1 condition (total waste retrieval) near the end of the
operational phase. The repository would have been fully operational and, if
permitted by Comission licensing requirements, certain waste disposal rooms
would have been backfilled when filled. Some rooms could be only partially

~
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filled with waste and therefore not backfilled, some rooms.could be filled but
not yet backfilled, and some rooms could be filled of waste and backfilled. !

Toward the end of .the operating period an increased number of rooms could be
'

in the latter-condition.
Retrieval probably will not be based on an immediate threat to

the repository but rather on loss of confidence in long-term containment. If

it were decided to completely remove all waste from the repository because of
lack of confidence in the natural system, there would be no further need to

. preserve the Tong-term integrity of the host rock. In such a situation,-addi-

j tional shaf ts could, if necessary, be constructed to facilitate retrieval.
However, if only a partial removal were decided upon, precautions would still
be taken to preserve the integrity of the remainder of the repository.

'

Sufficient testing would have been conducted to identify the
preferred method of handling retrieved wastes. The waste package design
should be compatible with the retrieval concept, and prototype retrieval
equipment and procedures should be field tested and proven. (Some experience

has already been gained in spent-fuel retrieval. In the Lyons, Kansas experi-
ment, (116),14 assemblies in stainless steel canisters, filled with helium
and hermetically sealed, were retrieved and removed off site af ter about 6
months underground.) Retrieval operations would continue over a period of

' years. The retrieval process would probably involve two major phases:
removal of the waste from the repository, and disposition of the waste
packages.

Retriaval of the waste from the repository would involve the
following steps:

i

| 1. Re-excavation of the backfill from the disposal
' rooms, if required.

,

2. Removal of the packages from the disposal holes.

3. Transfer of the waste to the surface.

4. Repackaging of damaged canisters, as necessary.

| S. Placement into an alternate storage location or.
'

disposal site.
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| Engineering difficulties posed by emplacement and retrieval of
canisters has received consideration, and alternative retrieval methods have
be:n studied (786, 787). Mishaps owing to operator error (e.g., damage of
waste containers through contact with heavy equipment) will be considered as
part of the retrieval planning effort. For efficiency, the procedure could

b. gin by removing the waste from open rooms and simultaneously removing back-
fill from any closed rooms. A number of canisters could become externally
contaminated or damaged by equipment. Such canisters would be transferred to
the surface and processed through the packaging facility for repackaging or
overpacking.

During retrieval operations, waste removed from the repository
could be transferred to temporary surface storage rather than to another re-
pository. This approach significantly reduces problems associated with waste
transport. Ultimately the waste will either be transported and disposed of in
another repository, or it will be repackaged for re-emplacement.

Using presently known storage techniques (see Part IV), con-
struction would be rapid and uncomplicated. The need for additional storage
space would be determined when the decision for retrieval is made.

In summary, the following points are pertinent to the consider-
ation of retrieval:

1. Both limited and total retrieval are unlikely
events, the latter being least likely.

2. Mechanisms and procedures for retrieval are being
developed.

3. Design criteria will incorporate retrieval con-
siderations.

4. Retrieval operations would not require ininediate
action. They could be accomplished in an orderly
and planned manner with adequate time for con-
struction of alternate storage facilities.

5. Waste retrieval would be primarily an operational
heal th physics concern (operator protection).
Risks to the public health and safety due to
retrieval would be very low due to repository and
waste package design.
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II.F.3.6 Closure

Af ter the design capacity of the repository is achieved, rou-
.

tine operation will be terminated. Although surveillance of the repository
may continue for several years, the eventual disposition of the repository
will need to satisfy the following overal" objectives:

1. The above-ground portion of the site -will be
restored such that radiation or contamination
levels are sufficiently low to permit release of
the site for unrestricted use, from a radiologi-

. cal standpoint.*
|

| 2. The underground facilities will be sealed.
| .

A decontamination and decommissioning plan for the surface
: facilities will be developed and submitted to the Commission when -appropri-

ate. Although regulations specifically applicable to a repository are not

currently in existence, there is sufficient licensing experience with nuclear
power plants and with. fuel-cycle f acilities (e.g., uranium mills and fuel
f abrication plants) for interim guidance. Guidance on acceptable levels of
surfaca contamination attributable to unrestricted release at a site also has
been provided (788).

; Although minimal radioactive contamination is expected, appr'op-
riate radiological surveys will be conducted. Based on early consideration of
decontamination and decommissioning objectives during the design stage, most
structures are expected to have little, if any, contamination. If necessary,
chemical and mechanical clean-up will be conducted in order that conventional
dismantlement techniques can be used. The resulting rubble and wastes will be
either shipped off site or placed in the repository for disposal. Two exam--

ples of nuclear facilities which have been decomissioned and dismantled are

the Elk River boiling water reactor at Elk River, Minnesota, and the Plutonium
Fuel Facility at Pawling, New York.

* Consideration must be qiven for permanent markers (II.E.3) and for access
control during post-c u ure R&D activities.
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During the course of normal operations, some of the storage
,

rooms may be backfilled. Decommissioning of the Lelowground facilities will I

result in the backfilling of all remaining storage rooms and corridors. In
addition, the shafts will be sealed (sealing techniques are discussed in
II.E.2). The specific sequence of activities to be undertaken will be devel-
oped as part of the deconsnissioning plan, which will require Commission
approval. *

Inasmuch as deep geologic repositories will be first-of-a-kind
facilities, extensive analyses supported by testing and monitoring programs
will be conducted. addition, continued monitoring of the site environment
af ter closure is being contemplated as a prudent measure. Changes in the
immediate repository environment (such as the temperature of the host rock)
will have been be monitored as part of an R&D program. Projections and moni-
toring of temperture effects for longer time will be possible at the time of
closure. Although changes in the general environment are not expected, in-
creased, scientific data would provide a better baseline for future genera-
tions. In conformity with Objective 6 (II.A.1), the performance of the repos-
itory system will not require active maintenance or surveillance for unreason-
able periods in the future. It should be possible, however, for future gener-
ations to conduct monitoring programs at their discretion. Consequently, the
Department is planning a series of surface measurement systems for possible
application. Such systems will measure the behavior of. the ground surface,
ground motion, or local hydrology.

The desirability and need for such monitoring will be deter-
mined in consultation with local, State, and other Federal agencies.

II.F.3.7 Summary and Results

Based on the evaluations available to date, operational-phase
activities do not appear to be a limiting factor for an acceptable reposi-
tory. Methods required for safety analyses are currently available. Satis-
factory design, construction, and operation can be achieved with no signifi-
cant effect on long-term repository performance, and the risk of the reposi-
tory to public health and safety can be shown to be comparable to that of
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existing licensed nuclear fuel cycle facilities. Emergency planning will be
coordinated with State and local governments and other Federal agencies.

Many similarities exist between the operation of repositories
and that of other facilities presently licensed by the Nuclear Regulatory
Commission. Based on experience with those facilities, it is likely that
repository systems can be designed and operated to meet Objectives 3, 4, 5,
and 6 of Section II.A.1 during the operational phase. Existing analytical
methods are, for the most ~ part, sufficient for required safety analyses.
Little development will be required to make them applicable to a repository
system.

II.F.4 Environmental Considerations
.!

II.F.4.1 Introduction

The long-term disposal of high-level radioactive wastes in deep-
geologic formations has been under study in the United States since the mid-

; 1950's. Since that time, many geologic and environmental studies have been
conducted to provide the basis for the design, construction, and operation of
deep underground repositories for radioactive wastes. A broad spectrum of

agencies and organizations has sponsored this research, including the Atomic
Energy Commission, the Energy Research and Development Administration, the
Department of Energy, the Environmental Protection Agency, the Nuclear Regula-
tory Commission, and the Electric Power Research Institute (538, 548, 549,

789-794). In addition, organizations such as the National Academy of

Sciences-National Research Council have evaluated the program and made recom-

mendations (795). Similar studbs have been performed in a number of other
countries, such as Sweden, West Germany, Canada, Japan, and the United King-
dom, and by international organizations, such as the International Atomic
Energy Agency, the Commission of the European Communities, and the Organiza-
tion for Economic Cooperation and Development / Nuclear Energy Agency (663, 664,

796, 797). In general, those studies have determined that deep geologic dis-
posal operations should result in minimal environmental impact.

. -
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I II.F.4.2 Requirements

Objective 4 in II.A.1 addresses the environmental acceptability
of high-level waste disposal systems. With regard to mined geologic disposal,

;

| site selection, design, .onstruction, and operation of mined repositories have i

been guided by broad criteria developed by the National Academy of Sciences-
National Research Council, the International Atomic Energy Agency, Nuclear I

Regulatory Commission, Environmental Protection Agency, and the Department
(191, 536, 798-801). -These criteria address such considerations as public
health and safety, environmental protection, engineering feasibility, and

institutional and socioeconomic impacts. Repositories will be operated under
radiation protection standards as promulgated by the Consnission and the EPA
(534, 802). Nonradioactive effluents will be limited by appropriate EPA and
State air and water quality standards (803, 804). Potential environmental
impacts from construction, operation, and handling of surplus mined material
on local ecologic systems will be evaluated for each candidate site and appro-
priate mitigation measures proposed. Repository sites will be located to

reduce land-use conflicts and appropriate mitigation measures will be adopted
following consultation with responsible state and local authorities. Simi-
larly, socioeconomic impacts that may result from repository construction and
operation will be addressed.

II.F.4.3 Identification of Impacts

Near-term and long-term environmental impacts have been

assessed on a generic and/or site-specific basis, for deep geologic reposi-
tories in salt, granite, shale, and basalt (538, 805). As a result of such

studies and the guidance and experience accumulated since the implementation
of the National Environmental Policy Act, a number of basic factors have been )
identified which merit consideration in enviromnental evaluations. Most of
the factors listed below are not, of themselves, unique to the mined geologic |

disposal of radioactive wastes, but may be considered typical of many rela-
tively large-scale industrial activities. These are:
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1. Land use,- including withdrawal from. current
usage and conflicts with lands dedicated to
special public uses or projected for such uses.

2. Water use during construction and operation.'

3. Materials (resource) commitments during con-
struction and operation.

4. Energy Requirements and supply throughout con-
struction and operation.

5. Nonradiological- effluents, including discharges
into the air and water during construction. and
operation; waste rock storage and disposal: and
off-site noise levels.

6. Radiation dose and health effects, including
exposures to people both on-site and off-site
during transportation and handling of

: radioactive materials.

7. Long-term environmental imract, based on site
restoration techniques, aesthetics, ecological
conditions, and potential radiological impacts.

8. Transportation of personnel, materials, and
wastes.

9. Socioeconomic and institutional impacts, such as
population modification, service - capacity, and
management capability.

Environmental impacts of repository and intermediate storage
j facility construction and operation were evaluated on a generic basis in
! Section 3.1.5 of the draf t Environmental Impact Statement for Management of
t

| Commercially Generated Radioactive Waste (Draft EIS) (806). Table II-16
summarizes the major points of the Draf t EIS. for factors 1 through 6 above.

I All factors listed are discussed further in II.F.4.3.1 through II.F.4.3.9.~
Since the Draf t EIS is a generic rather than a site-specific

I

document, a number of clarifying - and bounding assumptions were necessary to
provide a representative data base. Nevertheless, the impacts - presented in
Table II-17 and discussed subsequently are realistically conservative. and
serve as an effective scoping tool for this Statement. Assumptions used in

preparing the Draft EIS, and consequently-in Table II-16, include:
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1. Summation of impacts for waste treatment, trans-
portation, storage, and disposal (807).

2. A' light-water reagtor scenario that generates ;
10,000 GWe/yr through the year 2040 (808).s

3.
,

- Repository availability in the year 2000 (809).
,

4. Colocation of storage and disposal facilities
(810).

5. Worldwide radiation exposure calculations
limited to the noble gases, C-14 and H-3, due to -
their potential for global _ dispersion (811).

6. Rapository heat load (thermal density) limita-
*

tions of 125 kW/ acre in granite and basalt, 40
kW/ acre in salt, and 80 kW/ acre in shale (812).

7. Spent fuel'as the waste form (807).

For the purposes of Table II-16, it was assumed that the re-
quirements for interim and extended storage facilities and the number of
repositories for each of the four media considered were as follows: salt--11
storage facilities /8 repositories; granite--11 storage facilities /8 reposi-
tories; shale--11 storage f acilities/6 repositories; and basalt--11 storage
facilities /3 repositories.

Table 11-16. Summary of Environmental Effects From Routine Operations of
Repositories Becoming Available Starting in the Year 2000

(spent fuel as waste)

Land use Salt Granite Shale Basalt-

Surface facilities, buildin 2 x 103 1 x 103 2 x 103 1-x 103parking lots, hectares (ha)gs-

Access roads, railroads, 2 x 102 2 x 102 2 x 102 2~x 102
etc. (ha)

Total property-restricted 1 x 104 7 x 103 9 x 103 7 x 103
area (ha)

Additional land on which. 3 x 104 1 x 104 2 x 104' 1 x 104
only' subsurface activities

will be restricted (ha)
,

'!
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Table II-16 (Continued). Summary of Environmental Effects From Routine
Operations of Repositories Becoming Available Starting in the Year 2000

(spent fuel as waste)

Salt Granite Shale Basalt

Water use

Construction, m3 (about 3 x 106 3 x 106 3 x 106 3 x 101
10% is " consumed" in con-
crete)

0perations, m3 6 x 107 6 x 107 6 x 107 6 x 107

Materials

Concrete, m3 1 :: 106 1 x 106 1 x 106 1 x 106

Steel, metric tonne (MT) 8 x 105 1 x 106 8 x 105- 1 x 106

Copper, MT 2 x 103 2 x 103 2 x 103 2 x 103

Zinc, MT 1 x 103 1 x 103 1 x 103 9 x 102

Aluminum, MT 3 x 102 4 x 102 4 x 102 3 x 102

Lumber, m3 5 x 104 5 x 104 4 x 104 4 x 104

Lead, MT 7 x 103 7 x 103 7 x 103 7 x 103

Depleted uranium, MT 3 x 103 3 x 103 3 x 103 3 x 103

Energy

Coal, MT 1 x 107 8 x 106 1 x 107 8 x 106

Propane, m3 3 x 104 3 x 104 3 x 104 3 x 104

Diesel fuel, m3 4 x 106 3 x 106 4 x 106 3 x 106

Gasoline, m3 2 x 105 2 x 105 2 x 105 2 x 105

Electricity, kWh 2 x 1010 2 x 1010 2 x'1010 2 x 1010
m

Man-power, man-yr 3 x 105 1 x 105 3 x 10 . 2 x 1055

.

Source: (Reference 813) Adapted'from Draft 00E/EIS-0046-D Tables 3.1.84, 3.1.85,
3.1.86 and 3.1.87.

.
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Table II-16 (Continued). Summary of Environmental Effects From Routine
! Operations of Repositories Becoming Available Starting in the Year 2000

(spent fuel as waste)

Salt Granite Shale Basalt

Nonradiological effluents

Dust' concentration at re- 7 x 101 2 x 102 8 x 101 2 x 10E
pository fence, pg/m3

*

reference climate

Dust concentration at re- 8 x 102 2 x 103 9 x 102 2 x 103
pository fence, pg/m3
arid climate

Radiation dose commitment for
routine operations (70-year
total body)

Regional population, 3 x 103 4 x 103 4 x 103 3 x 103
dose due to repository,
m?n-rem (2 million people)

Regional population doses 1 x 107 1 x 107 1 x 107 1 x 107
due to naturally occurring
sources, man-rem

Worldwide population (6 2 x 102 2 x 102 2 x 102 2 x 102
billion), dose due to
a repository, man-rem

Wor'dwide population dose 4 x 1010 4 x 1010 4 x 1010 4 x 1010
due to naturally occurring |

sources, man-rem

Work force, man-rem 8 x 104 8 x 104 8 x 104 8 x 104

Health Effects

Regional population (2 Oa o o o
million persons, 70 years),
number

,

Worldwide population (6 0 0 0 0
billion persons, 70 years),
number

a indicates less than one health effect.

9
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Nonradiological accidents and associated injury and fatality
rates are discussed in Section 3.1.5 of the Draft EIS. These impacts have

been found to be comparable to those experienced in equivalent industries.
Potential environmental ~ impacts of a deep geologic waste re-

pository can be broadly classified as near-term and long-term impacts. Near-

term impacts are defined as those that will occur during the operational phase
of a repository, including construction. These activities were estimated in
the Draft EIS to involve a work force varying in size from an estimated 1,400
to 3,100 persons during construction, and 870 te 2,300 persons during opera-
tion depending on the disposal medium (814). Long-term environmental consid-
erations are those that conceivably could occur af ter a repository is closed.
These are primarily concerned with potential long-term releases to the
biosphere.

Review of the considerations listed in the table, coupled with

the following discussion, indicates that, on a generic basis, repository
facility construction and operation will result in minimal environmental
impact.

.)
II.F.4.3.1 Land Use

Land use is site-specific. However, in general, the controlled
zones around waste management facilities may be several hundred times the area
occupied by structures. Af ter decommissioning, the site could be returned to
essentially its original condition with the ex:eption of permanent markers as
discussed in Section II.E.3.

I

i
II.F.4.3.2 Water Use During Construction and Operation

Water use is also site-specific in terms of environmental im-

| pact. In areas of abundant water, no signi#icant impact is expected. In the
case of the Draft EIS reference environment .vith an assumed average river flow

3of 120 m /s, for example, water usage would have no significant impact. The
3120 m /s flow rate is 'a reasonable boundirg assumption for most areas. Po-

tential sites with less access to water resources will require specific evalu-
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i ations . to determine support capacity requirements - as was done in the case of
the Draf t Environmental Impact Statement for - the Waste Isolation Pilot Plant _
(805).

II.F.4.3.3 Materials Commitments for Construction and Operation4

i

;_ Most materials now identified as required for --repository con-
! struction and operation are not unique and are available sin relatively good

supply. Stainless steel would represent a special case, insofar as the Draf t
EIS assessment . is concerned; the total requirements are dependent _on- facility

i and waste package design. Almost--all the nickel Land : chromium used in the
United States is imported, and a more . specific estimate of the . impact and

| possible use of alternative materials is required. Assuming that stainless
steel requirements .do not have a significant impact, the Draft EIS analysis

I indicates that material commitments do not constitute a deterrent to reposi-
' tory construction t.nd operation. The use of other potentially unique materi-

als for waste package components (II.E.1) will be considered on a case-by-case
basis.

II.F.4.3.4 Energy Requirements During Construction.and Operation

The predicted energy requirements in Table II-15 appear. to be '

within the range anticipated for most - relatively. large industrial' activities.
Actual energy usage must be evaluated on - a site-specific- basis, -since geo-
graphic location and facility design will be influencing factors.

II.F.4.3.5 Nonradiological Impacts For Construction and Operation

Nonradiological impacts include such factors as . noise, pollut-
ant discharges into the air and water during construction and operation,: waste -
rock storage and disposal, .and. aesthetics.- The use of remot siting could

serve to further . limit the impact of such factorscas excessive or irritatingn

noise levels. ~ Materials from - the mined . spoils ' piles could become wind or
water-borne during -construction and operation. Vehicular and construction
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generated dusts are also likely. Mitigative measures such as sprinkling for
dust control and using sound-absorbing devices for noise control are common
and effective corrective measures.used in other industries.

II.F.4.3.6 Radiation Dose and Health Effects For Routine Operations

Calculated operational phase population radiation doses from
routine disposal operations (assuming all facilities are located in the same

\ region) amounts to less than 0.1% of the dose the same population would re-
ceive from naturally occurring sources under the Draft EIS assumptions. Cal-

culated health effects for routine operations are small to nonexistent for
waste management and, based on the Draft EIS evaluation, are in accord with
Objective 3 in II.A.1.

II.F.4.3.7 Long-Term Environmental Impacts

Long-term impacts of a mined geologic repository are primarily
concerned with the potential for radionuclide release to the biosphere. The

objectives in II.A.1 and the natural and man-made system criteria in II.D and
II.E, respectively, serve to minimize any release. The methods for assessing

these impacts were presented in Chapter II.F.1. While the Draft EIS did eval-
i. ate long-term releases (815), the systems evaluated were not specifically
configured to be consistent with the objectives and criteria in this Statement
and currently in use in the NWTS program. Furthermore, the Draft EIS analysis
was based on events with probabilities that would have to be considered
incredible (conservatively assumed to be 2 x 10-13/yr probability) (816).
More reasonable bounding estimates are presented in the example analyses

: (Examples 1 and 2) in II.F.1.
Relative to long-term impacts on the ecosystem following repos-

itory closure, only one potential effect has been identified. Heat generated

| by the disposed waste could theoretically result in an increase of ground sur-
0 0face temperature which, being less than 0.5 C (less than 1 F), will hardly

affect the species distribution of the native vegetation (817). Heat-induced
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uplift, if it occurred, might also contribute to slight changes in the near-
|

surface ground water hydrology, and could potentially affect the plant

population. Ecological changes resulting from ground heating should occur
only over an extended period of time, have impact on only a relatively small
area, and be masked by natural variations in the natural succession patterns
which normally occur at a relatively high rate (818). |

Aesthetic impacts following repository decommissioning will be I

limited to site identification markers and other intrusion control measures
(II.E.3) and perhaps a portion of the rock not used as backfill (819). Return
of the site to essentially its original condition will effectively mitigate
any long-term visual impact. There will be no noise impacts following

decommissioning.

II.F.4.3.8 Transportation Impacts

Transportation requirements and their associated environmental
impacts are highly site-specific in that they are related to such factors as
distance from established rail and highway systems. Some conrnitment of land
will be required to provide site access and on-site movement capability. Pro-
viding new or expanded access to a repository site may result in some altera-
tion of traffic and future growth patterns in the area as well as resulting in
air, visual, and noise pollution in the immediate vicinity. An increase in
traffic levels can be anticipated due to personnel and materials transport,
spoils removal, and the ultimate transport of waste designated for disposal.
At least two tangible benefits can be aaticipated as a result of the expanded
transportation base in the repository region; these are increased attractive-
nese of the area to new industry and an expanded Federal, State, and local
financial base.

The cumulative effects of transportation requirements depend
upon existing highway capacity and routing; requirements of the repository;

,

and such mitigative measures as public transportation, vanpooling, and the
location of new housing relative to the site. The anticipated volume of
materials moving to or from the site and the size of the daily work force are
not expected to place excessive demands upon existing transportation systems.

II - 295

. -



_ _ _ _ _ _ . . ,

II.F.4.3.9- Socioeconomic and Institutional Impacts

,

The magnitude of economic impacts depends upon the size and ~
diversity of.the economy in the : region containing the site. .A single reposi-
tory is not large enough in terms of its work force requirement and expected
wage generation to have significant impact on most candidate regions. .If

multiple facilities are colocated, however, -these effects would - be increased
accordingly. Mitigative actions, such as Federal impact funds, could reduce
the severity of adverse impacts. In addition,. the economic growth and diver-
sity implied by such a development would normally be viewed as beneficial.

A waste repository is not- expected to induce unmanageable
levels of growth at most sites. Social impacts -are more likely to be of the
qualitative sort, reflecting increased social disruption by placing stress,on

' mpacts can beexisting social institutions and services. These potential i
effectively mitigated with advanced planning and public participation in deci-
sions relating to the development of the prcject. Project work force require-
ments might help to reduce local unemployment (although excess inmigration
exceeding the needs of the job could increase unemployment), help to diversify
the local economy, and induce growth of secondary economic activities. In;

addition, the influx of skilled workers might enhance the overall level of

education and expertise in local consnunity.
As discussed in Section III.C.2, the Department has undertaken

and is continuing an intensive program to interact with the public and with
;

State, local, and Federal governments throughout the repository siting and l

1

operation period. ;

II.F.4.4 Environmental Summary
1

| Results of research 'and development and environmental assess-

ments indicate that a mined geologic disposal- facility- for high-level radio ~-

active wastes can be built and operated safely with minimal effects on man and
his environment. Land use and water use are site-specific, but the amounts

required are small in terms of environmental impact. A repository will _ pose ;

nonradiological impacts similar to those encountered in a sizable - deep-mine
type of complex. Local natural and human resources will be drawn upon to the

.
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|
' extent possible to construct and operate the new facility. The extent of

socioeconomic effects on surrounding communities will depend mainly upon
existing conditions in the region in which a repository is located. However,i

careful planning and appropriate compensatory actions will minimize these
-

impacts .

The potential radiation exposure to the surrounding regional
population is only a small percentage of the dose the population would recewe
from naturally occurring sources and is in accord with Objective 2 in Section
II.A.l. Af ter the f acility has served its useful life and is decommissioned,
it should be possible to return the land surface to natural vegetative cover -

and normal use, with the exception of those limitations imposed by the

requirements for restriction of subsurface activities and the need for

permanent markers.

.

1

l
,

;

,
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-
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II.G- SUMMARY OF TECHNICAL BASIS FOR CONFIDENCE THAT SPENT-
FUEL WILL BE DISPOSED OF IN A SAFE AND ENVIRONMENTALLY
ACCEPTABLE MANNER

Part -II presents .the technical basis for finding that spent

nuclear fuel can be disposed of in a safe and environmentally -acceptable
manner using technology which can be implemented in a . reasonable period of -
time. The Department has adopted an interim planning strategy which focuses
on the disposal of spent fuel in mined geologic repositories in accordance
with the program established by the President of the United States - on 12 j

February 1980. The Department's technical programs are (1) sufficiently.
flexiblS to meet standards to be promulgated by the Nuclear Regulatory Commis-
sion and the Environmental Protection Agency, (ii) sufficiently diverse in l

scope th' t high assurance can be provided that acceptable systems will result ;a

without undue reliance on the results of any snecific R&D effort, and (iii)
sufficiently conservative to compensate for the tesidual uncertainties inher-
ent in mined geologic disposal.

In reaching the above conclusions, the Department has evaluated
the existing technical infdrmation and the expected results of the research
and development program and has assessed the expected performance of mined
geologic disposal systems. Key points supporting the Department's conclusions
are delineated in paragraphs 1 through 7, which follow:

1. The Department has outlined specific performancei
'

objectives for waste disposal systems which
reflect the developing consensus from diverse
groups as to what must be achieved, and which can,

serve as a basis for assessing the Department's
program until formal NRC and EPA standards are
available.

| The performance objectives provide program focus and direction
pending adoption of regulations and standards now under development (II.A.1).
These proposed objectives are ' based on points of apparent consensus among
Federal agencies, scientific groups, informed individuals, and public _ groups.

|

The objectives are consistent with those expressed by the Prepident in his!

Message to Congress of 12 February 1980 and by the Interagency Review Group.
By' focusing on these objectives and by continued participation - in rulemaking

.II - 298~

. - _ _ . - - _ - _ _



. ______ __________ ____ _ .

. .

activities and information exchange meetings with the NRC and the EPA, the
Department will ensure that the waste disposal system as finally designed and
constructed will meet applicable regulatory requirements. The Department

maintains an awareness of the requirements under consideration by those agen-
cies and will maintain the flexibility .to meet those requirements they ulti-
mately establish.

2. The Department has adopted ^a conservative
approach for the development of waste disposal
systems to ensure that health, safety, and
environmental objectives will be met.

The conservative approach adopted by the Department is based
upon a step-wise approach to system development and implementation, a multi-
barrier system for radionuclide containment and isolation, and appropriate

design and operating margins to compensate for uncertainties (II.A.2).
Proceeding in a cautious, step-wise manner in the development

and implementation of waste disposal systems adds assurance that the best
available information is considered in reaching decisions and irreversible

impacts are minimized. The use of multiple independent natural and man-made
barriers against waste release minimizes the impacts of potential disruptive
forces by avoiding undue reliance on any given barrier. The use of appropri-
ate design and operating margins provides assurance that residual uncertain- |

ties inherent in disposal systems are compensated for. Integration of scien- |
tific ' peer review into the program adds further assurance that the waste I

disposal objectives will be met. The Department's approach ensures that the 1

Y

best available pertinent information will be considered in reaching decisions 1

and that a high confidence in safety will be attained in spite of residual

uncertainties in data, modeling, or future conditions.

3. Based on an evaluation of several alternate
methods for waste disposal, mined ceologic dis- j
Josal has been identified as the focus of the ;

)epartment's interim waste management planning I
strategy.

,

. Alternate methods for spent fuel disposal have been compared.on
the basis of available information and the objectives in II.A.1, and mined j
geologic disposal has been identified as the most suitable method for imple-

1

II - 299

.

'I

Ch .



mentation in the NWTS Program (Chapter II.8). Mined geologic disposal has
been endorsed by a number of recognized scientific review groups and has been
selected by other nations for implementation. The IRG recomended and the'

'

President recently adopted' an interim planning strategy for disposal of high-
level waste-focused on the use of mined geologic repositories. The Department

will continue to investigate other concepts which show promise (primarily sub-
seabed and deep hole disposal) as a backup to geologic repositories in order
to provide further confidence that the wacte disposal objectivc: will be met.

4. The Department has identified those characteris-
tics and requirements necessary for successful
mined geologic disposal.

\

The characteristics of a successful geologic waste disposal )
system may be summarized as follows:

4.1 The host and overlying rock will prevent disrup- !
tion of containment by surficial events.

Wastes will be placed in repositories mined in rock formations
several hundred meters beneath the surface of the Earth. The depth of the

repository will be chosen on a site-specific basis to avoid losses of contain-
ment due to surficial processes, including weathering, erosion, or glaciation,
or large, impacting forces (such as meteors) (II.D.2). Deleterious impacts

from acts of war or sabotage and acts of man other than those requiring the
use of special equipment necessary to reach depths of several hundred meters
will also be avoided.

4.2 Interactions between the waste and the ground
water systems will be minimized.

The repository will be sited and designed so as to minimize
contact betwecn circulating ground water and waste materials in. order- to mini-
mize the potential for waste transport. The repository system will be located
in a geohydrologic system which is highly restrictive to -ground water flow
into, through, or from the repository structure (II.D.2). Site and host rock

I characterization will be carried out using state-of-the-art techniques which.
|

,

1
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will provide confidence in the characterization of geologic and hydrologic
conditions existing at the site-(II.D.4).

The host rock selected will have sufficient stability to retain
the desirable containment and isolation properties for which it was chosen, as
far as can be reasonably predicted into the future. (II.D.2 and II.F.1). Pre-

diction will be based upon state-of-the-art techniques for predicting the j

natural forces which could reasonably be anticipated to act on the host rock.

4.3 The repository will be designed to preserve the ,

containment and isolation provided by the natu-
cal systems. j

.

The potential impacts to natural systems from the introduction
of heat-producing radioactive wastes are undergoing.. systematic evaluation. |
Preliminary findings in the areas indicated below provide confidence that a
system will be developed to meet the performance objectives. |

Thermal effects can be controlled by limiting thermal loadings
and thus temperatures. The waste-package environment can thus be controlled

preventing premature degradation of the waste package. Temperatures,

stresses, and deformations in the host rock can be limited to achieve safe
emplacement and, if necessary, retrieval of wastes (II.E.2 and II.F).

,

Penetracions into the repository will be sealed to limit the

ingress or egress of ground water. Research in progress has established char-

acteristics of shaf t and borehole seals in in situ environments. Laboritory

programs have been established to assess the long-term stability of candidate
sealing materials. Although nearly complete sealing is being sought, shaft
and borehole seals would impede significantly the flow of fluids, even if the
seals performed at less than design effectiveness (II.E.2).

Potential impacts on the containment and isolation capability
of the natural systems due to the process of repository excavation will be
avoided by controlling extraction ratios and through the use of appropriate
backfill materials and techniques (II.E.2). The large base of technical

information from the commercial mining industry, supplemented by the studies
described in Chapter II.E, provide a high degree of confidence that excavation-

-related impacts will be minimized.
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' 4.4 Waste packages are being developed 'which will
ensure containment during the period dominated
by fission product decay in all credible reposi-
tory environments.

The waste package will be designed and constructed to be com-
patible with host rock _ characteristics and provide for waste containment. The
state of knowledge regarding waste / host rock interactions is such that conser-
vative bounds can be established for allowable interactions (II.C). Compo-

nents of the waste package are being designed to operate within those bounds
(II.E.1). Many candidate materials exhibit' the characteristics necessary to !

satisfy contain:aent requirements. Moreover, knowledge is continuously in- -

creasing, thereby providing further confidence in designs which would be used
for repositories developed within the schedules proposed (II.E.1).

Waste / ground water contact will be further limited by ' mul ti-
barrier waste packages designed to (i) prevent waste / ground water contact i,

throughout the period dominated by fission product decay and (11) result- in
low radionuclide release rates to ground water should waste / ground water con-
tact occur. Based on knowledge gained from the studies performed to date, it

' is likely that waste packages can be constructed from the materials being
evaluated that will accomplish (i) and (ii) (II.'F.1). Such packages provide
redundant assurance of waste containment beyond that provided by the natural
systems.-

,

i

4.5 The geohydrologic system surrounding the reposi-
tory will minimize the release of radionuclides

,

if a loss of containment. effectiveness occurs.'

Notwithstanding the containment and isolation provided by-- the
near-field systems, the repository will be located within a far-field system
with geohydrological properties chosen from extensive siting studies . for ..its

i ability to provide -waste ' isolation (II.0 :and II.F.1). For example, a site

[ will be chosen _ where the ground water flow rate' is sufficiently slow that--
| ground water travel times' between the repositoryiand the biosphere will be on

the order of thousands of years, even considering potential long-term changes

in climate (II.D.1 and II.F.1).
I Many radionuclides will experiAce significant additional-

- delays due to sorptive processes' between the radionuclides and earth miner -

-IIL _302

m , __ _ - - -



al s. For such nuclides, sorption will result in travel times many times
longer than ground water travel times. Radionuclide sorption will increase .

1

the overall effective radionuclide travel time from 'he repository to the.

b'iosphere, thereby reducing potential radiological impacts (II.D.2).

4.6 Mined geologic disposal systems can be imple-
mented with technology currently or soon to be
available.

Development of a stable underground facility can be achieved in
all media under consideration for repositories, using technologies that are
presently and/or soon to be available (II.E.2). Moreover, mined geologic dis-
posal provides for retrieval of wastes without excessive complexity. Mined

geologic disposal allows for the use of various components of a multiple bar-
rier system. Its development is compatible with the step-by-step strategy
(II.A.2). Design and operating margins can be readily incorporated into the
system to compensate for residual uncertainties.

4.7 The likelihood and consequences of potential
inadvertent human intrusion can be limited by
appropriate siting and protective measures.

The waste disposal system will be sited and designed to protect
against inadvertent human induced releases, using a multilevel system of pro-

tective measares (II.E.3). Such a system will reduce the likelihood of inad- |

vertent human-induced releases to the extent that it is reasonable to do so.
Beyond that, the potential consequences of human-induced releases will be
reduced to appropriately low levels by the natural and man-made systems de-
scribed throughout this statement and referred to above.

'

5. Understanding of these characteristics has been
used to develop criteria for host roce and site
qualification, establish conceptual designs, and
identify elements which warrant more research
and development emphasis. m

These criteria have allowed the Department to identify areas
(as summarized in II.D.3), which have a high likeiihood of containing quali-
fied sites. Exploration programs are in progress and have in -some cases
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already resulted in detailed characterization of surfact and subsurface envi-

ronments. Hydrologic data and calculations for sites in granite, basalt, salt
domes, and bedded salt have indicated ground water transport times sufficient
for waste isolation (Objective 2, II.A.1).

The Department has developed conceptual designs of repositories
which include techniques for emplacement and retrieval of spent fuel
(II.F.3). These studies have also allowed characterization of the local envi-
ronment (e.g., temperature) for the waste package and evaluation of opera-
tional safety concerns. Using the data from site characterization and concep-
tual design studies and sensitivity and uncertaintity analyses (II.F.1) pro-
grams are under way to reduce the technical uncertainty of sensitive system
parameters.

6. System performance assessments, which estimate
doses to people resulting from hypothetical dis-
ruptive events, indicate that carefully-designed
repositories in properly-selected sites will
meet the required objectives.

The NWTS program includes development of comprehensive conse-
quence assessment methods. Although still under development and undergoing
continual refinement, these techniques have been applied to a large variety of
site and repository conditions. Examples of these applications are given in
this Statement (II.F.1). Taken together, the studies to date indicate that

site characteristics, repository designs, and waste packages can be integrated
to achieve acceptable impacts even for events which are highly unlikely but
credible. Uncertainties have been compensated for in the models by bounding
the reasonable ranges of sensitive parameters to establish the limits of

potential impac ts. The conclusions from these studies support implementation
and further development of mined geologic disposal.

7. The overall objective of the effective isolation
of radionuclides from - the biosphere in a safe
and environmentally acceptable manner will be
met.

I
|
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l

|
| The mined geologic disposal system will include features which

will meet the performance objectives as follows:

7.1 Containment will be virtually complete during
' the period dominated by fission product decay.

7.2 Isolation will be effective for at least 10,000 |
years and reasonably foreseeable events will not I

produce consequences greater than normal varia-
tions in background radiation.

7.3 The operational phase of the waste disposal sys-
tem will be as safe as the operation of other
nuclear fuel cycle facilities.

7.4 There are no unreasonable environmental impacts.

7.5 Conservative design and evaluation will compen-
sate for any residual uncertainties.

7.6 Acceptable performance is based on a reasonably
,

available level of technology and is not depend- I

ent - upon continued maintenance or survellance
for unreasonable times into the future.

7.7 Implementation is independent of the size of the
nuclear industry and of the resolution of fuel-
cycle or reactor design issues and is compatible
with national policies.

1
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III PROGRAM FOR ESTABLISHING MINED GEOLOGIC R'EPOSITORIES

III.A ~ INTRODUCTION

Part II demonstrates the technical basis for concluding that
spent nuclear fuel can be disposed of in mined geologic repositories in a safe
and environmentally acceptable manner. Part III describes the Department's

program for ensuring that such repositories will be available in a reasonable
time frame and at a reasonable cost.

Chapter III.B outlines the organization that the Department has
established to implement the National Waste Terminal Storage (NWTS) Program.

Chapter III.C describes major decisions required to implement
the mined geologic disposal option. These are associated with the processes
of site selection with State consultation and concurrence and of repository
licensing, both of which affect the timing of the NWTS Program. The Depart-

ment herein demonstrates that candidate sites will be selected by a systematic
process that includes consideration of all applicable. factors. This process
will be conducted with participation of the public and involvement of State

and local governments, as specified in the President's-message of 12 February
1980 (1). The impacts of the anticipated NRC licensing process on the reposi-
tory development schedule also are described.

Chapter III.D discusses a number of factors germane to the
schedule of mined geologic repository development and explains how the NWTS
Program addresses eA h of these factors. These factors include the following:

1. Implemention of the National Environmental Policy
Act of 1969.

2. Cooperation of multiple Federal agencies.

3. Land acquisition activities.

4. Availability of' expert staff.

5. Logistics and administration.

6.- Design and construction time.
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7.- Waste retrieval period and backfill.

8. Technology development.

Chapter III.E presents estimates of the cost of mined geologic
disposal of spent- fuel. Costs for research and development and for repository
siting, construction, and operation are ident,1fied. Finally, Chapter III.F

provides an integrated overview of the Department's proposed schedules and costs.

III.B PROGRAM ORGANIZATION AND-MANAGEMENT
,

III.B.1 Department of Energy Organization

The President has given the Secretary of Energy overall respon-
sibility for integrating the Nation's nuclear waste management program (1). The

Secretary of Energy has the lead role for (i) coordinating all Federal
,

i nonregulatory aspects of nuclear waste management; (ii) maintaining effective
working relationships with regulatory bodies, such as the Environmental Pro-
tection Agency (EPA) and the Nuclear Regulatory Commission (NRC); and (iii)
developing strong and effective ties between the Federal Government and the
States on all aspects of nuclear waste management.

p Within the Department of Energy, nuclear waste management. program
activities are under the direction of the Assistant Secretary for Nuclear Energy

who reports to the Undersecretary and the Secretary. The Deputy Assistant
,

| Secretary for Nuclear Waste Management directs the - Office of Nuclear Waste
Management (0NWM) and is responsible for managing all- aspects of the

| Department's management programs both for disposal (the NWTS Program) and for
storage (desvibed in V.C.1). The relationship of the NWTS Program management
structure with, the Department and - with other Federal agencies is shown in
Figure III-1.

Within ONWM, the Director. of the . Division of- Waste - Isolation is
responsible for overall direction of - the NWTS Program. This division imple-

ments the objectives _ of the NWTS Program by directing and controlling 'activi-
ties, including- budgetary allocations,. of various . Department- field offices and
contractors.
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To effectively implement the NWTS Program and other programs of

this magnitude, the Department has decentralized the program activities.
Under decentralization,- the Department headquarters personnel are responsible
for the development of overall plans, establise, ment of priorities, and analy-
sis of program requirements. The management of resources to accomplish a
given objective within prescribed monetary limits and schedules is the respon-
sibility of the field operations offices.

Department field office personnel supported by over 2,000 pro-
fessional employees of contractors are responsible for implementation of the
NWTS program. This arrangement provides the program with experience of a
broad spectrum of professionals ranging from geoscientists and mechanical
engineers to sociologists and political scientists. Figure III-1 shows that
technology development and characterization of sites are performed by contrac-
tors who report to field operations offices.
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Three NWTS projects are involved in the mined geological reposi-
tory program:- the- Office of Nuclear Waste Isolation (0NWI), the Basalt Waste
Isolation Project (BWIP), and the Nevada Nuclear Waste Storage Investigations
(NNWSI). The interrelationship of these projects is shown in Figure III-1,
with their reepective.-supporting organizations: Battelle Memorial Institute;

Rockwell International; and, at the Nevada Test Site (NTS), Sandia National j
~

Laboratory, Los Alamos National Laborstory, Lawrence Livermore Laboratory, and |
the U.S. Geological Survey. All three projects conduct independent site char-
acterization and evaluation, leading to recommendations of preferred sites
within their respective programs; they also share data and information of !

mutual benefit. In addition to project responsibilities, the Richland Opera-
tions Office, through its Columbus Program Office, oversees the ONWI responsi-
bility for generic technology direction and coordination of site investiga-
tions in the NWTS Program (depicted by the shaded arrows in Figure III-1).

,

Further details about the three main NWTS projects are contained in the fol-
lowing sections.

Also shown in Figure III-l is an Interagency Working Committee
on Radioactive Waste Management chaired by the Deputy Assistant Secretary for
Nuclear Waste Management. This committee has been established to ensure'that
the President's Waste Management policy; is proparly implemented (see also

,

III.O.2).

III.B.1.1 Office of Nuclear Waste Isolat' ion

ONWI in Columbus, Ohio, has lead responsibility in :the NWTS
Program structure for coordinating all projects,' for developing general waste
disposal technology, and for geologic exploration and environmental studies--
conducted on non-Department lands. ONWI's responsibilities- include making
reconnendations to the Department concerning site,_ qualification criteria,
safety assessment methodologies,- licensing strategies,,and the collection and
evaluation' of data fo'r site 'and repository suitability assessment. .For. exam-
ple, the criteria .which will be used 'for site selection, now heing circula_ted
for external review and connent, were developed by ONWI and agreed upon ~ by all

_
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three NWTS projects and the Division of Waste Isolation (2). Program planning

and coordination of examination of alternate disposal concepts also are as-

'_

' signed to ONWI. ONWI's efforts are supervised by The Columbus Program Office
of the Department's Richland Operations Office.

At the present time, the feasibility of locating repositories in;

various geologic formations throughout the continental United States is being
etfaluated under 0NWI's direction. This evaluation conforms with the Presi-,

dent's statement of 12 February 1980: "Immediate attention will focus . . .
on locating and characterizing a number of potential repository sites, in a>

variety of different geologic environments with diverse rock types" (1).;

111.B.1.2 Basalt Waste Isolation Prcject

|
.

The objective of the BWIP is to investigate the suitability of
basalt formations for waste disposal and to evaluate the use of the Depart-
ment's Hanford Site as a potential site for waste disposal. The Hanford Site,

; located in the Columbia River Plateau of southeastern Washington, is underlain
; by thick basalt formations. This reservation was selected for study because

f of its present commitment to nuclear activities, the possible continued dedi-
cation of Hanford to this purpose, and the potential of basalt as an accept-

i able isolation medium. Technology development studies, including the evalua-
tion of engineered and natural barriers to waste migration, also are under |

3 way. A Near-Surf ace Test Facility is being constructed in a basalt outcrop-
ping at Hanford to carry out in-situ tests, including tests with placement. of

i spent fuel. These tests will determine- how nuclear wastes will interact with

the host rock by: studying the thermal, mechanical, and radiation effects on
basalt, and provide engineering data- to support the design and construction of
a repository.

The Department's Richland Operations Office directs the manage-
ment, quality assurance, contract administration, and data collection and |

| evaluation of the project, with technical assistance provided by. the Rockwell
I -International Corporation.

;

*
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III.B.1.3~ Nevada Nuclear Waste Storage Inv'estigations

The NNWSI project zis being ' conducted at the' Departm'ent's Nevada;

Test Site '(NTS) in southern Nevada. The NTS .provides a variety of geologic-
,

'

. media such 2 as granites, . argillites - (a compact clay rock), and : tuff . (a heat .
,

fused volcanic ash). 'This site was selected for study- because of its present '
-

commitment to nuclear activities ~ and its -geologic. characteristics.
NNWSI's tasks - include - evaluating ' the area's possible ' use for a-

waste . repository, identifying a' preferred ; site in -a'- suitable ' geologic medium
^

for a repository, and in' situ testing of ' thermal : and radiation' effects Jof -)-

encapsulated ' spent nuclear - fuel placed underground in a granite " formation.
Other studies are ~ evaluating the effectiveness of shale, granite, and tuff. as

3 _

host media and the impact, if any, of ground motion from weapons testing on
repository design. This effort is managed by the Department's Nevada' Opera-

,

tions Office with technical assistance prov'ded .by Sandia National Laboratory,
' Los Alamos National Laboratory, Lawrence Livermore Laboratory, and the U.S.
j Geological Survey.
I

<

III.B.2 Management
7

Program activities are planned, controlled, and executed by;

j application of detailed management procedures. As stated earlier, NWTS proj-
11 ects are controlled by the ' Department's lead field offices ~and lead cont: 2c-
' ~

tors under the overview and guidance of the Office of Nuclear Waste' Manage -
ment. A . Program - Plan . is . prepared annually by "each NWTS component (3, 4, 5)-

and, when approved by the Department, is a basis for 'each' fiscal year's pro-
gram; When approved by the' Depa'rtment's lead field office and by"the~ Division ;-

of Waste Isolation, the ' Program Plans represent an agreement _ as' toL how the'
_

project will beiconducted. and controlled. These< Program Plans describeiobjec-'

| tives,. work 1 category structures, schedules, budgets, and " organization'aliac--
'

countabilities within~the.NWTS Program.- -

The . implementation and ' effectiveness - of projectf control :are
monitored byf the ' responsible: Department; field office;and_ theIDivision.of Waste.

.
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Isolation through periodic project reviews and progress reports. The project
lead contractor is required to conduct mid-year and annual program reviews at
which the Department's managers assess the adequacy and effectiveness of indi-
vidual NWTS activities. In addition, contractors are required to submit
moitthly and quarterly progress reports which provide NWTS management with the
means and opportunity to assess accomplishments. Redirection can be initiated
as a result of any of these reviews or reports. Field office directives pro-
vide continuous direction or redirection, if required, to the lead contractor,
supplementing his initial contractual requirements.

Although control of the day-to-day activities of each of the
NWTS projtcts is achieved independently from the other projects, integration
of the projects is accomplished by periodic meetings of the field office proj-
ect manager's and the Director of the Division of Waste Isolation. The Depart-
ment field office manager exercises direct project control through routine
meetings with contractor personnel.

Additional management and administrative processes, e.g., peer

review and technical consultation, planning and control techniques, quality
assurance procedures, configuration and data management approaches, and re-
porting and information control methods, are routinely used in the NWTS
Program.

III.C
MAJOR DECISIONS REQUIRED TO IMPLEMENT THE MINED GE0 LOGIC
DISPOSAL OPTION

The schedule for implementation of the geologic disposal option
depends on the following major decisions:

1. Site selection with State consultation and
Concurrence.

2. Licensing for construction of the repository.

These are the focus of preparatory technical activities that must be conducted
in cooperation with those agencies, organizations, and individuals outside of
the Department which participate in decisionmaking.

|
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This chapter describes the processes leading to a successful
completion of the NWTS Program. The relevance of each decision to implementa-

tion of geologic' disposal is discussed, as are the processas that lead to each
decision. An integrated presentation of the milestones discussed in' Chapters
III.C and III.D is provided in Figures III-2 and III-3. Figure III-2 presents
a reference schedule composed of milestones leading to the earliest dates for
repository operation. Figure III-3 presents an extended schedule, incorpora-

4

ting longer durations for the site characterization and selection phase, and
the licensing and construction phases of the program to allow for delays that
may occur. These schedules and forecasts of repository availability dates are
discussed in further detail in Chapter III.F.

III.C.1 Selection of Candidate Sites For Repositories

III.C.1.1 Introduction

As directed in the President's statement of 12 February 1980

(1), the Department intends to identify candidate sites at several locations
and in different media before recommending a specific site for the first
license application. Candidate sites will be selected by a systematic proc-

ess, taking into conrideration all applicable factors. Details of the Depart-

ment's program leading to selection of a site will be proposed in a forth-
coming NWTS site characterization and selection plan (6), which includes three
phases:

1. Site exploration, characterization, and banking.
2. Detailed site characterization.
3. Site selection.

The various activities included in these phases are shown in Figure III-4.
Exploration and characterization of surface and subsurface-

environments progress through increasingly detailed studies of narrowed geo-
graphical _and geologic areas until preferred sites are identified. Detailed

site characterization is then undertaken to complete the data needed for prep-

| aration of licensing documents.
,

!
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The data obtained in each stage of the screening process are
analyzed and compared against criteria that must be satisfied for adequate
performance of the total isolation system. The systems for isolation and con-
tainment of wastes comprise both natural and man-made barriers to waste move-
ment. (The requirements for the natural systems are described in Chapter
11.D, and for man-made systems in II.E.)

The screening process leads to " banking" of sites in various
host rocks and geohydrologic systems. A site is banked when the participants

in the siting process reach a consensus on the technical, environmental, and
institutional adequacy of the site relative to established criteria, and an

interest in the land has been obtained by the Department to maintain the in-
tegrity of the site through the remainder of the selection process. An Envi-
ronmental Impact Statement (EIS) will be prepared for consideration in the
decision to bank a site (see Figures III-2 and III-3, lines 3 through 8).
When four to five sites have been banked, one will be salected for a license
application to the Comission.

The NRC review of Detailed Site Characterization Plans, as

proposed in a draft of 10 CFR 60 Subparts A through D (7) would be conducted
in parallel with the programmatic site characterization and banking processes
(see Figures III-2 and III-3, lines 3 through 8). Plans for the detailed
characterization of identified sites will be submitted to the Commission for
review to ensure that the proposed activities and the anticipated results will
satisfy their requirements. The Commission and appropriate State and local
authorities will be kept regularly informed on the progress of the Department's
site characterization activities and on the progress of safety-related inve's-
tigations. Environmental investigations and related decisions wil'. be fully
documented and will include public input in accordance with the National
Environmental Policy Act (NEPA) (8).

The various elements that lead to final site selection are dis-
cussed below in terms of -the requirements of each step and the fulfillment of
these requirements. The implementation of NEPA and its relationship to site
selection - are more . fully described in Section III.D.1. '
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III.C.1.2 Site Exploration and Characterization Process

The site exploration and characterization process involves geo-
logical and environmental studies to identify potential sites for mined geo-
logic repositories and * to obtain the technical data necessary to determine
acceptability of these sites. The technical criteria to be used in the early

phases are discussed in II.D.3. As the selection process narrows on more spe- )

cific locations and sites, more specific criteria to be applied at these given
locations and sites will be developed by the Department. Steps in the site

characterization process are as follows:

1. National screening surveys.
1
'

2. Determination of regions for further study (up to
several States in extent). |

3. Recomendation of areas for more detailed inves-
tigation (up to 1,000 square miles).

|

4. Recomendation for specific locations for in-
depth study (up to 30 square miles).

5. Recomendation of preferred sites for banking as
candidate repository sites and associated ,

controlled zone (nominally 10 square miles).

The status of the program in regard to the above phases in the
site characterization process is discussed in II.D.5. i

III.C.1.2.1 National Screening Surveys

Site searches are initiated by national screening surveys.

Starting with the contiguous United States, the initial step in site explora-
tion and characterization is to identify places that have some potential for
waste isolation. These places may be regions (up to several hundred thousand
square miles in area) or land areas having a particular suitability feature.
National screening surveys have been structured in different ways, depending
on the site suitability feature that is sought initially in process. The

types of surveys used in the program are as follows:

III - 15
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1. A geologic a)proach beginning with consideration
of sotential'y suitable host rocks and identifi-
cat'on of regions containing these formations.
Early in the program, for example, rock salt was
identified as a potentially suitable host medium;
thus regions in. the contiguous United States con-
taining salt domes and bedded salt formations
generally suitable for repository use were iden-
tified (9). Salt domes are being studied in the
Gulf Interior Region of Mississippi, Texas, and .

Louisiana (10). Bedded salt formations in the
Permian (Texas) (11), Salina (New York, Ohio, and
Michigan) (12), and Paradox Regions (Utah) (13)
have either been considered or are being actively
studied. The national effort has also evaluated

development in re-the potential
for repository (granite) and argil-gions containing hard rock

laceous (shale) formations, and recommendations
on suitable regions are being developed.

i

2. An approach considering current land use to iden-
tify regions for furt.1er studies. Examples of
this approach are the studies being conducted at
the Hanford Site (14) and the Nevads Test Site
(15), both of which are large tracts of land
owned by the Federal Government and currently
used for nuclear activities. These government
reservations would be classified as " areas" in
the steps in the site characterization process.
Investigations of both areas were initiated to
determine whether geologic and hydrologic condi-
tions, as well as other considerations, would
allow use of these dedicated lands for waste re-
positories. Two other Department reservations,
Idaho National Engineering Laboratory (INEL) and
Savannah River National Laboratory (South Caro-
lina)- have been determined to be unsuitable be-
cause of large-scale regional aquifers underlying
both sites.

3. An approach based on scrutiny of successively
smaller units of land based on geohydrologic con-
ditions and then assessing whether the system of

rocks within a ) articular geohydrologic environ-
ment has favora)le repository properties. This
approach provides further assurance that other-
wise unexamined geologic formations having favor-
able repository properties will not be overlooked

; where they occur in a suitable geohydrologic
environment. In this approach the contiguous

!

III - 16



United States will be examined on a province-by-
province basis.. The provinces are those desig-
nated by the U.Ss Geological Survey. Although
not all parts of the country are likely to exhib-
it . suitable conditions, several specific areas
throughout the nation are expected to prove ac-
ceptable. Of those areas that seem most promis-
ing, some will have more desirable sets of geo-
logic conditions than others, and some may be
unsuitable because of nongeologic considera-
tions. To ensure total compatibility of provin-
ces with siting criteria, a screening of the
United States using all of these criteria (geo-
logical, hydrological, environmental, socioeco-
nomic, political, and institutional) is expected
to aid in selection of provinces to ' be studied
later.

Whether the starting point of the site selection process is
selection of regions according to rock type, land use, hydrology, or some
combination of these factors, the subsequent steps in the screening process
are similar. Upon completion of the national screening survey, regions are
identified for further investigation. The process then continues through a
series of increasingly detailed exploration activities, eventually developing
detailed data on characteristics of areas, locations, and sites. These char-
acteristics are evaluated at each level of exploration (region, area, loca-
tion, and site), and geologic and environmental characterization reports are
prepared. Some variations in this screening and documentation process have
occurred during actual characterization studies as the program has developed.
For example, screening for repository sites within the area of the NTS and at
Hanford has been conducted in modified steps because of unique geohydrologic
and land use features of these sites. .Even though the screening process may
differ from region to region, the level of investigations and final documen-
tation will be comparable in each.

III.C.1.2.2 Regional Studie's

Regional studies investigate the region of interest to obtain
further geologic . and environmental information. Studies are based primarily
on a review of existing data obtained through broad literature searches.

III - 17
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Sources for geological data include _ published scientific reports and geologic
,

maps; drilling and production records frodi oil, gas, 'and mineral exploration.

pr_ograms; records of earthquake occurrences. and intensities; and reccrds of
water' well drilling. The ._ investigative methods used in the regional .and sub-
sequent studies are discussed -in Section -II.D.4. !

' The regional studies result in designation of the areas deemed'
the most suitable for further study; less . promising ares are excluded. Each

regional' characterization effort includes preparation of a Geologic Regional;

Characterization ' Report - and an Environmental Regional Character 1zation Re-
port. A Regional Sumary and Area Recomendation Report _ integrates the geo-
logic and environmental considerations from the two reports listed above,
documents the process, and provides the rationale for recommending further
studies. Regional summary and area recomendation reports have been prepared

,

! which identify salt domes in the Gulf Interior Region (16), bedded salt areas

! in the Paradox Region (17), and ir. tM Salina Region (18, 19) for further
study.

| III.C.1.2.3 Area Studies

Area studies are conducted to characterize the areas of inter-
! est designated by the regional study or. designated because of their current
! use as DOE reservations. Environmental, so'cioeconomic, and geologic factors

are evaluated, but within a smaller area and in greater detail 'than in the
I regional studies.

Geologic field work'' conducted in this phase includes drilling
'

deep holes (several thousand feet deep) to collect rock cores' for laboratory
,

tests and- to conduct _down-hole 3 geophysics tests; drilling to' test . the hydro-

| ~ logic properties of the- substrata; drilling to -determine the characteristics =
of aquifers; and conducting gravity and _ seismic _ surveys to assist in determin-
ing underlying rock structures.(see II.D.4).

,

Environmental. and socioeconomic studies are bas'ed on literature;

_ surveys of _ data available from local experts and_. institutions such as 'univer-
~

L sities and ' local, State,i and Federal agencies. The scope of area environment-
al studies includes a: description of- the_ hydrosphere; atmosphere;idemographic,

~

; socioeconomic, and land use characteristics; and ecosystems.

'

.
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The surveys of each area, conducted on non-Department lands,
are documented in a Geologic Area Characterization Report and an Environmental
Area Characterization Report. The summary and recommendation of locations for
further study are documented in an Area Summary and Location Recommendation
Report. Prior to the decision to continue further studies in the recommended
locations, an Environmental Assessment will be prepared (see III.D.1). i

At the completion of this stage, a Site Characterization Plan

will be submitted to the Nuclear Regulatory Commission for information (see
Figures III-2 and III-3, lines 3 through 8). Although this plan is not re-

quired by proposed Commission regulations at this phase of characterization,
the Department intends to keep the Commission informed of its site exploration
activities at an early stage and prior to identifying a preferred site in a

given medium. The report will describe the site characterization process up

to this phase and include plans for further detailed studies of the recommend-
ed locations. During performance of these additional studies, the Commission
will be provided with periodic progress summaries for information.

III.C.1.2.4 Location Studies

Location studies further narrow the scope of the investigation
to a site or sites. Geologic data gathering at this stage will include more
drilling, to obtain detailed geologic and hydrologic information, and addi-
tional testing of geologic and environmental samples. Environmental studies
during this phase will include complete monitoring and sampling programs at
the sites to obtain specific detailed information. On-site meteorological
data will be collected and compared to regional data, and physical surveys of
, .

plant and animal populations will be taken.
Information also will be obtained to document the acceptability

of the sites relative to applicable Federal, State, and local regulations.

These data will be documented in Geologia Location Characterization Reports
and Environmental Location Characterization Reports. A Location Summary and

Site Recomendation Report, integrating the geologic and envirnnmental consid--
erations, documents the process and provides the rationale for recommending
sites for further detailed studies.

III - 19 j
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This phase ends. with the banking of a preferred site, as dis-
cussed in III.C.1.1. The banked site will be one of four to five candidate
sites to be considered for the first repository license application. An En-

vironmental Impact Statement will be prepared for consideration in the deci-
sion to bank a preferred site in a particular medium or system.

Based on current plans, it is expected that Final Environmental
Impact Statements will be completed for the Los Medanos Site by November 1981,
for a potential repository site within the Hanford Site by February 1983, for
salt domes by July 1983, for bedded salt by September 1984, for a site within
the Nevada Test Site by November 1984, and for a hard rock system by June 1985

(see Figure III-2, lines 3 through 8).
At the completion of location studies, a Detailed Site Charac-

terization Plan will' be submitted to the Commission for review (7). The re-

port will fulfill all the requirements, including description of the charac-

terization process up to this phase and a detailed description of the studies
to be performed during the following phase of characterization of the prefer-
red site. The purpose of this NRC review is to ensure that the site charac-
terization studies, when complete, will have acquired the necessary informa-
tion for licensing without compromising the integrity nf the site. Periodic

progress summaries will be submitted for review.

III.C.1.3 Detailed Site Characterization

A site for a repository includes nominally about 2,000 acres,
which might be used for actual subsurface development; the size may vary from
about 1,200 acres to 5,000 acres, however, depending on several factors such
as the extent of the subsurface isolation system. In addition the site would
include a controlled zone in which the Department would restrict future activ-
ities.

The purpose of detailed site characterization is to collect all
;

additional data that would be necessary if a license application were submit-

| ted for that site. Data gathering methods -will include more extensive drill-
! ing to obtain geologic and hydrologic information, on-site and laboratory

testing of rock a'nd water samples, and fine-mesh geophysical surveys. The

'
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underlying rock structure will be characterized in sufficient detail to estab-
lish engineering and design envelopes and to confirm safety assessments and
construction feasibility. Depending on the ability to characterize fully the
condition of the site, it may be necessary to proceed with an exploratory
shaf t and at-depth characterization activities at this time.

The majority of data on environmental impacts will be collected
prior to the detailed site characterization phase and evaluated in the EIS
prepared for the banking decision. Any environmental information gathered in
the detailed site characterization phase will be incorporated into the envi-
ronmental impact statement prepared for the selection of the site for the
first repository (see III.D.1). The product of this phase will be a Detailed
Site Characterization Report.

Detailed Site Characterization Reports based upon observations
from the surf ace only would be complete for the Los Medanos Site by August
1982, salt domes by September 1983, at the Hanford Site by March 1984, for
bedded salt by April 1985, at the Nevada Test Site by June 1985, and for hard
rock systems by December 1985. These dates are based on acquisition of the

data required for adequate characterization of the repository horizon by
surface exploration techniques such as boreholes and geophysical tests.

If such data must be obtained by sinking shafts and exploring
at the repository depth prior to submitting an application for construction
authorization, these dates could be delayed by about 40 months, as shown in
Figure III-3. In this case, the enviromental impacts of sinking an explora-
tory shaft would also be discusssed in the EIS. Any construction work on such

a shaf t would take place only af ter issuance of the Final EIS. In the case of
the Hanford Site and the Los Medanos Site, such work could begin af ter- issu-
ance of the Final EIS. Figure III-3, however, shows additional time for com-
pletion of and acquisition activities at other sites prior to actual shaft

construction. In the case of Nevada, 4 months are allowed for possible pro-
cedures concerning lands on or immediately adjacent to the Nevada Test Site.
In the case of other formations, a total of 6 months is allowed for completion
of acquisition procedures. Though' contracting and contractor mobilization
activities for a shaf t could be accomplished in parallel with the reference-

scheduled activities, times of up to 24 months have been allowed in the
!
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schedule for shaft construction and installation of experimental equipment.

An additional 16 months have been allowed for repository horizon experimental
observations, tests, and data analysis.

The 24-month estimate for shaf t construction assumes blasting
and excavating a shaft with a diameter of 18 feet. A shaft of this size would
be required if extensive development of drif ts for examination of the subsur-
f ace geology were contemplated. More detailed analysis of possible explora-
tory shafts to support subsurface. investigations has been completed in the
case of the los Medanos Site and the Hanford Site. Conditions at Los Medanos
are such that it is estimated that an exploratory shaft could be completed in
10 months followed by a 14 month period for subsurface investigations. The !

basalt waste isolation program has estimated that subsurface investigations at
Hanford might require underground excavation of no ~ more than 500 feet which
could be supported by a 9-foot diameter shaf t. Such a shaft could be com-
pleted in 16 months.

In cases where shafts are found to be required for exploration,
the dates for issuance of Detailed Site Characterization Reports would be for
the Los Medanos Site November 1983, the Hanford Site January 1986, salt domes
June 1987, bedded salt July 1988, Nevada Test Site September 1988, and hard
rock April 1989.

.

III.C.I.4 Site Selection Process'

Af ter four to five sites have been found suitable and have been

|-
banked, a particular site will be selected for a license application to the

! Conrnission . The formal site selection process can be initiated af ter several
i candidate sites in alternate media and systems have been banked. As shown in

Figure III-2, the banking of the hard rock system site is estimated to -take
place in June 1985.

-Meeting this date would require the ~ ability to acquire all
necessary characterization data for license application by ' surface ' exploration
methods. If it were deemed necessary, for technical reasons, to explore at

the repository depth (horizon) by constructing. shaf ts and drif ts, then the
site selection . process' would not -be initiated until confirmatory repository
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horizon data . were obtained and analyzed. In this case, initiation of the

selection process would follow availability of horizon data for the hard rock
system in December 1988, as shown in Figure III-3, line 8.

The process for final site selection will include a comparison

of environmental factors and technical aspects of the banked sites plus the
legal, political, and institutional considerations on a national scale. The

environmental factors will be compared in the EIS prepared for the candidate

site selection (see III.D.1). The comparison of all factors will be document-
ed in the Site Recommendation Report (SRR) (see Figures III-2 and III-3, line
9). A 6-month period _is allowed for preparation of the SRR following the
banking of the latest candidate site and the initiation of the site selection

process.

The Site Recommendation Report will be reviewed by appropriate
Federal and State agencies which have responsibility in the siting process.
In addition, the report will be available for public review, as prescribed in
the President's message of 12 February 1980 (1). When Federal and State
agencies have reached a consensus on the SRR, it will be updated and issued as
a Site Selection Report.

The process of site characterization and banking of multiple
candidate sites, coupled with parallel review by the Commission, State and
local governments, and public participants, will_ result in a thoroughly
reviewed and accepted site. It is estimated that the site selection deci-

sion can be achieved within 15 to 18 months following issuance of a Site
Recommendation Report.

The schedules shown in these figures relate to the selection of
only the first site for a repository. Continued characterization activities
being carried on in geohydrologi_c provinces and those regions ' identified by
the planned national screening will provide additional candidate sites that
will be banked for consideration for the second and subsequent repositories ~.
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III.C.1.5 Summary

The selection and banking of candidate sites will be based on a
systematic process ~ that considers all applicable factors and includes full !

public participation. Regional and area characterizations are now under way
in various geologic media, including dome salt and bedded salt formations,
basalt flows, and volcanic tuff. ' Efforts have also been-initiated to identify
regions in other media, and a systematic national screening for .other geohy-
drologic systems is planned.

The Department plans to identify at least four sites with di-
verse rock types by mid-1985. The Department's approach ensures that consid-
eration will be given to regulatory and environmental factors, the necessity
of achieving public acceptance, and the need to meet site qualification cri-
teria.

III.C.2 State Involvement in Sele'ction of Repository Site
-

III.C.2.1 Introduction

The lavolvement of States in the radioactive waste management
program was addressed by the President in his statement of 12 February 1980
(1) as follows:

First, my Administration is committed to providing an
effective role for State and local governments in the
development and implementation of our nuclear waste
management program. I am therefore taking the fol-
lowing actions:

o By Executije Order, 'I am establishing a . State.
Planning Cour.cil which will strengthen our inter-
governmental celationships -and help fulfill our
joint responsiollity to protect public health and
safety- in radioactive waste matters. I .have
asked Governor Riley of South Carolina to serve
as Chairman of . the Council. The Council will
have a total of 19 members: 15 who are Governors-
or other elected officials, and 4 from the Execu-
tive departments and agencies. It~ will- advise
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I.

the Executive' Branch and work with the Congress
to address radioactive waste management issues,
such as planning and siting, construction, and
operation of facilities. I will submit legisla-
tion during this session to make the Council
permanent.

o In the past, States have not played an adequate
part in the waste management planning process--
for example, in the evaluation and location of
potential waste disposal sites. _ The States need
better access to information and expanded oppor-
tunity to guide waste management planning. Our
relationship with the States will be based on the
principle of consultation and concurrence in the
siting of high level waste repositories. Under
the framework of consultation and concurrence, a
host State will have a continuing role in Fede-
cal decisionmaking on the siting, design and con-
struction of a high level waste repository.
State consultation and concurrence, however, will
lead to an acceptable solution to our waste dis-
posal problem only if all the States participate
as partners in the program I am putting forth.
The safe disposal of- radioactive waste, defense
and commercial, is a national, not a Federal,
responsibility.

o I am directing the Secretary of Energy to provide
financial and technical assistance to State and
other jurisdictions to facilitate the full par-
ticipation of State and -local government in re- -

view and licensing proceedings.

State invnivement in site selection is an important aspect of

the radioacti,e waste disposai program (20). Individual States are now and
will continue to be involved. in the site selection process, starting with the
initial step of regional explorations and studies. The " consultation and con-
currence" approach follows the recommendations of the President and the Inter- j

''agency Review Group (21) and integrates with requirements of proposed 10 CFR'
60,10 CFR 51, and the review processes of the National Environmental Policy
Act (8) as stipulated!by the Council on Environmental Quality (22).

Early consultation with State and local. officials is sought

from the time any portion 'of the State is specifically considered. This

consultation will be sought by the Department, in briefings, transmittal of

~
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|
|

| supporting . documents, formal letters, and public information meetings, and

|
will allow for continuous interaction between State and local representatives..
The Department will exchange ideas with the State and respond to and incorpor-

|
ate the State's concerns into the program,

i

| III.C.2.2 Consultation Process Under Way Within State _s_

| '

The Department is developing an information program to inform j

State and local officials of investigative activities and repository develop-
ment and to involve such officials in decisionmaking for site selection and |

repository licensing. j
Proposed Commission policies and regulations for review and

licensing of high-level waste repositories call for early notification of
State officials and other interested parties and opportunities for State par-
ticipation in the NRC review process. Similarly, previous Commission studies

.

on this topic (20, 23) have focused on the need for early State involvement.
The consultation and concurrence process is one of several

avenues by which societal concerns about the disposal of nuclear waste are
being evaluated. The Depai tment has taken several steps to encourage advice
from independent groups; it has sponsored a national workshop on consultation
and concurrence (24), established independent program and technical review
committees (composed of persons in national leadership roles in various

fields), consulted with other Federal departments and agencies, and assisted
in establishing the State Planning Council recommended by the Interagency
Review Group. The Council was established by tne President on 12 February

1980, with the purpose of providing State and local perspectives in the devel-
opment and recommendation of a comprehensive nuclear waste management plan.
The Council, which is chaired by Governor Riley of South Carolina, held its
first organizational meeting on 24 February 1980. A staff to serve the Coun-
cil is being organized.

The consultation process already has been initiated in New
Mexico, Utah, Louisiana, Mississippi, Nevada, Texas, Michigan, and Washington.

'

Public information meetings have been held, and information briefings with
State and local officials, formal letters, and supporting documents -have been

|
provided. Specific activities are described.below.

|

!
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III .C . 2.-2.1 ' National Screening' Survey'

;

The key consultation and concurrence aspect or the national
'

screening phase is the establishment of initial . communication and interaction
between Federal and State - officials. The Department - actively seeks State |4

participation in the work to characterize various geohydrologic systems. In
the screening of the geohydrologic provinces, for example, the U.S. Geological |

Survey will seek participation of all State geologists within a province.

; Af ter completion of the national screening phase, officials of ' participating
i States will receive reports sumarizing results of studies and wii be asked
; for advice concerning ' plans for the next step in the site characterization

process. *

:

| III.C.2.2.2 Regional Studies

3

; Stater in wMch regional studies' are planned are notified ' by
the Der artment. Federal officials w'ork with the~ Governor, the Legislature,
and any special comittee during the exploration and characterization process.

j The Department also works with specific State- officials and
technical agencies and ' seeks their views and advice on exploration plans, so

! that as studies progress from regions to locations, appropriate' understandings
and agreements are in place. Each of the Department's regional offices (lo- '

cated in the 10 Federal regions) is directed by a Regional Representative, who4

seeks to establish continuous liaison between the Department and ' the State,

; governments of that region. The Department's field operations offices also

interact with State governments, as appropriate, in carrying out their program
I responsibilities. This procedure continues through the studies- during the
; area, location, and' site characterization phases of.the program. -

| An example of such . interaction is recent consideration- by of--
ficials in . the ~ State - of Michigan that regional studies including the State

i -- should be completed. The evaluation of the - Salina salt formations in the-
,

! State of Michigan was discontinued 'in 1977 as the-result of concerns of State
authorities which were'.not satisfied. -However, a1 reassessment : of the Kimpact

_

of a State law prohibiting radioactive waste storage was initiat' d by Governor
~

e

,

t

L
,

-~ ' '
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- Milliken :in .1979.< 'Stalie _-officialsE were provided information on : the NWTS Pro-
^

gram at a -meeting in L'ansing, Michigan, on 12 September: 1979c TheLGovernor+

| ~ has; ap' pointed :a special-_ committee : of representatives from the State <adm'ini- l
.

'_stration, the legislature,cand the. private sector _to ' pr_ ovide the legislature;

j. with information for 'use in' its assessment. of. nuclear waste activities for.the i

State of Michigan. OnL 14 February ;1980, representatives from the . Department;
I and. ONWI again met. In Lansing with the special committee. The. coornittee ; then

| voted. to recomend to Governor Milliken that Michigan permit the Department: to.

,

complete the regional studics of ' the Salina salt basin. The committee also

[ recommended that: -a werking ~ group, consisting, of . Michigan -scientists be
1

established.'to work with the Department in compiling and reviewing the.; .
m

j regional Michigan geologic and environmental data..

;

III.C.2.2.3 Area Studies

f Interaction among the Department and State-.and local officials
becomes more frequent during . area studies; interest is more focused on the

!' specific parts of a State that 'are under study, and residents and local ~ of--

[ ficials. become more directly involved. Exploratory work involves activities.-

| such as drilling, sampling, and installation of. equipment, .and necessitates
f

|- obtaining permits, licenses, and land access agreements. Contacts with State,

! county, and city officials, and the general public' increase comensurately.
.

! Specific _ examples of such interactions are meetings _ held in
I March, May, and November of 1979.with the Mississippi: Governor _'s Select 1Com-

[ mittee on - Nuclear Energy and Nuclear ~ Waste . Repository, and- briefing of tihe'
^

,

; Mississippi . Wildlife Management Commission; and, in July. 'and August fof x 1979,
.

E briefings _ of the Governor of- Utah, the Utah State Energy Council _, f the' Joint-
_

( Interim Energy) Committee, of the -Utah Legislature, L and the s Commissioners L of
Grand and SanJJuan Counties in Utah.-

Funded g through - grants from Lthe Department, . public. ;information

and program _ oversight activities .are, being1 conducted by the Louisiana 60ffice.
Lof Conservation,. the Mississippi- Energy. Office, Jand the' Texas Energy ;snd ?

' '

.

- Natural Resour.ces AdvisorysCouncil. rState! involvement also - hasfcome; through :
'

- research contracts 1with ; institutes ~ and _ faculty imembers- at- universities.
, _ ,

I-
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I Louisiana ~ St' ate ' University, the University of Southern Mississippi', and the
University of Texas are some of the institutions currentlyTthus engaged.

= A joint group involving State and Department officials has been
established in the State'of Washington. Ati the suggestion of Governor Ray in
April 1979, the Department and the. State of Washington formed a Basalt Working
Group to strengthen' the involvement of that State in' the' Basalt Waste Investi-
gation Program., State officials include representatives of the- Governor's
office and legislative leaders. Meetings to discuss BWIP status and develop-
ment are scheduled on a quarterly basis.

In Nevada, informal interactions between the Department and the .

State have been established. A mechanisn to formalize these interactions will
be developed in the near future.

Congressional delegations will be kept informed of the status
of the programs. Public meetings will be held in localities near sites where
investigations are being conducted, and local media will be kept up to date on
all developments. The advice 'of State and local technical experts will be
solicited at appropriate points in the invertigation.' All of these activities
will continue through the location and site studies.

III.C.2.2.4 Location and Detailed Site Characterization Studies ~

At this stage, more direct contact between the Department . and '
local officials and citizens will be established while maintaining comunica-
tion channels with State government officials. Local information will be pro-
vided through many types of comunication media. A' Department representative

may be assigned to specific -locations to provide a . source of information to
local comunities.

An example of interactions with a local' comunity. is associated
_

with investigations of the Los Medanos Site in New Mexico that.have previouslT
been undertaken as part of the Waste Isolation - Pilot Plant.~ (WIPP) project

_

(this was part of- the defense waste management- program not--included L in J the
.

NWTS Program). Interactions with State and local' authorities in New. Mexico
have been conducted . in a' manner .similar to that -described. here. In particu-

lar, the Department. has provided funds ' to the State of New Mexico to establish
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an . independent review - bodyf to examine technical issues associated with the
.

. proposed site. The Government of the State of New Mexico has established the
Environmental - Evaluation Group as this ~ independent body. The Department - has

provided funding for-this body in.an agreement with the State under which com-
plete independence and access to all data is specified.

i The President has decided that- the WIPP project: should be
canceled and that the site should be evaluated along with other candidate
sites in the NWTS Program. As examination of the Los Medanos- site is

,

integrated into the NWTS Program, consultation with State and local officials.
and funding of the Environmental _ Evaluation Group will continue.

III.C.2.3 Relevance to Siting Decision

! Previous history and testimony, exemplified by the Department
and Commission workshops on radioactive - waste management (20, 23, 24), have
shown that close interaction among the Federal Government, State, and local
officials will be necessary to establish a radioactive waste disposal site. A
continuing interest has been expressed by many States in the Federal Govern-
ment's waste disposal program as evidenced by the ongoing activities and;

legislative actions taken in several States (23). Consideration must be and
is being given to political and institutional issues because they can affect
the timing and viability.of site selection.

The consultation and concurrence process will provide for con-,

sideration of State and local interests in repository siting. It will augment
rather than replace other important regulatory processes and reviews that a-

E repository site must undergo. The process to be followed by both Federal and

; State officials, coupled with a - mutual recognition of the need to resolve
waste management issues in the- national interest, will _ enable repository site -

! selection to be achieved in a timely fashion.
I
!

; - III.C.2.4 Summary.
:

!

( In : summary, a process is .being developed that provides- for
,

i cooperative Federal, State,- and local government decisionmaking with repect
|

| to identifying candidate sites and selecting ~one for a license application.
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This approach involves the Department, . State, and local officials in all
. phases of the site selection process and allows for continuous response to
State concerns. In addition, public hearings and reviews, which are part of
the regulatory licensing and permit procedures, will provide opportunities for,

resolution of conflicts.
The Department's program seeks to take into account State. and

local needs and concerns. It is anticipated that open and full sharing of
information will enable early identification of any impacts on schedule, so
the program then can be adjusted accordingly. The schedules presented in
Figures III-2 and III-3 are based on successful State and public involvement
in the site characterization and selection process, thus allowing field

exploration activities to continue, from region, to area, to location phase,
without undue delay. It is possible that unanticipated or unresolved issues
of concern at the State or local level could cause prolonged perturbations in
the schedule. However, as the President stated in his message on waste man-
agement of 12 February 1980, ". . . all must understand that this problem will
be with us for many years. We must proceed steadily and with determination to
resolve the remaining technical issues while ensuring full public participa-

,

tion and maintaining the full cooperation of all levels of government."

III.C.3 Licensing of Repositories

.

The Nuclear Regulatory Commission has the statutory authority
to license facilities used primarily for the receipt and storage of high-level
radioactive wastes resulting from activities licensed under the Atomic Energy
Act of 1954 and the Energy Reorganization Act of 1974 (25). The licensing
process, therefore, is an integral factor in the Department's plans to develop
mined geologic disposal. Two issues regarding that process have an imediate
impact on the Department's ability to achieve a licensed disposal system with-
in the schedule . presented. First, both the Commission and the Environmental |

Protection Agency are in the process of developing regulatory requirements for
mined geologic disposal. Second, the Commission will be asked by the Depart-
ment to license a first-of-a-kind facility. Therefore, the procedures that
are utilized will have an impact. The Department's ' efforts to address these
issues are discussed below.
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III.C.3.1 Establishment of Regulatory Requirements for Mined
Geologic Disposal

The Department will likely be required to obtain the opinions
of the Comission staff in regard to field exploration activities for mined

geologic disposal, so that the integrity of the s,ite is not adversely affected
(7). Accordingly, the availability of regulatory procedures and requirements
could have an impact on the schedule of a disposal system. This section exam-
ines the potential impact and the steps undertaken by the Department _ in this
regard.

,

On 17 November 1978, the Commission published a proposed policy

statement regarding establishment of procedures for licensing geologic high-
level waste repositories (26). The Department has structured its program to
comply with the spirit and intent of the published procedures, although some
of the details of implementation are still under development. Based on testi-
mony to the Congress by the Comission (27) and information provided by Com-
mission staff at a public meeting on 4 October 1979, a final rule relating to
the procedural aspects of licensing is anticipated during calendar year 1980.
The proposed rule was published for comment on 6 December 1979 (7). There-

fore, the Department is aware of the likely procedural requirements of the
Comission that could have a major impact on cost and schedule, and has con-
sidered them in preparing program plans.

The Commission's technical requirements 'also can directly af-
fect cost and schedule. An independent technical assessment and review by the-
Comission will be based on predetermined NRC criteria and requirements. The-

ability of the Commission to reach a satisfactory conclusion regarding the
safety aspects of an application will be directly affected by the manner ~ and
degree of demonstrated conformance with such criteria and requirements. Al-

| though the Department is using conservative criteria, approaches, and methods,
there is a need to _ ensure that this approach will be compatible with that
required by the Commission and amenable to timely Comission review. In this

regard the Department provides continuing reports of its R&D' programs to both
the Commission and the Environmental Protection - Agency for the purpose of
informing both agencies of the current status of the Department's effort.
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Based on information presented at the 4 October 1979 Commission staff briefing
for the Department, the Commission expects to publish the proposed technical l

criteria in mid-1980 and the final rule in mid-1981.
The Environmental Protection Agency is responsible for develop-

ing standards applicable to all Federal radioactive waste management programs;
these standards will be implemented 'in NRC regulations. EPA has published for
public review the initial formulations of their standards (28). Three public
workshops to discuss the contents were held in February and April 1977 and in
March of 1978. The Department has participated in these discussions and is
sharing data with EPA for its use in formulating standards. Publication, of
standards for high-level waste disposal fr public review and coninent is an-
ticipated for the spring of 1980.

In light of the schedules for NRC and EPA regulations presented
above and of available information, the Department's current program is suf-
ficiently flexible that the projected schedule will not be greatly altered as
a result of codification of their regulatory requirements. It is currently

understood that adequate regulatory guidance will be available in sufficient
time so that the program schedule can be accomplished. For example, even

'

though some issues, such as the need for at-depth exploration of multiple
banked sites, are still being discussed, the DOE program is sufficiently flex.-
ible to accommodate the outcome of these discussions.

On the basis of coninents received from NRC and EPA on documents

such as the draf t environmental impact statement of commercial waste manage-
ment, there is agreement with the geologic disposal planning strategy being
pursued by the Department. Specifically, NRC staff stated (29):

We agree that a repository should be developed and
tested as soon as possible.

Similarly, EPA has stated (30):

We agree with the Department that the option selected
for implementation appears to be the best of those
considered It is also unlikely that there... .

would be any viable alternative available in the near
future. For this reason we believe DOE's program
should be vigorously pursued.
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! Both the Commission and EPA have been proceeding with the de-
velopment of standards and criteria for geologic repositories. The specific

determination regarding the degree of conformance of- Department-developed'

requirements with those eventually promulgated by the Commission and EPA could
be delayed until the start of the licensing review. In such an ' event, the

Department believes that any newly promulgated NRC or EPA requirements can be
met within the time intervals planned for in the licensing process.

III.C.3.2 The Licensing Procedures

The preceding discussion described the program's ability to
proceed in light of developing regulations. The following discussion presents
the impacts of the anticipated NRC licensing process on the repository

development schedule.

The Commission published a proposed rule regarding the NRC
licensing procedures in the Federal Register on 6 December -1979 (7). This

document identified four parts to the licensing process: (i) . Review of the
Department Site Selection, (ii) Construction Authorization Application Review,
(iii) Repository Licensing and License Amendment, and (iv) Review of Reposi-
tory Decomissioning. At a briefing held on 4 -October - 1979, NRC staff out-
lined to the Department its current thinking on implementation of the process.

Consistent with the intent of proposed f4RC regulations, the

review of site selection would begin with the Department filing a Detail.ed
Site Characterization Plan (referred to as Site Characterization Report in

draft 10 CFR 60.11) with the. Commission at the time that a preferred site is
designated for' detailed characterization studies. The plan would describe (i)

|. the screening process that the Department used to identify the site, (ii) the
characterization - procedures to . be used in studying the site, and (iii) a

| discussion of status of identifying 'other sites for characterization.. The

i Comission has announced that it expects the Department to characterize a

minimum of three sites' representing a minimum of two geologic media before one-

.

is -selected -for a Construction Authorization application -(31). As discussed
-

.

! .in Section III .C.1, the Department plans 'to have at least four sites in-

several rock. types identified by mid-1985.

III - 34

, _



4

Before a decision on Construction Authorization is made, an

affirmative decision regarding site suitability must be made. To enable such

decisionmaking, the site has to be sufficiently characterized. The degree of

investigative activity necessary to adequately characterize a site has not yet
b::en completely determined. Resolution of this item requires that the Commis-
si c,n identify the information it considers necessary for a finding at the

construction authorization stage. Depending on the requirements for site-
specific information, characterization could require as much as an additional
40 months beyond currently planned activities, and would te determined by the
type of measurement techniques that would be employed. This additional time
would involve construction of an early shaft and exploration at the repository
horizon prior to application for a construction authorization.

The Commission staff indicated at the meeting on 4 October 1979
that it estimates that 48 months will be ' required to review a construction

application and to hold public hearings (see Figures III-2 and III-3, line
12). The early familiarity with the project that the Commission staff gains
by reviewing the Detailed Site Characterization Plan, and a working famil-
iarity with the R&D projects, may permit completion of review in a shorter

i nterval . Nevertheler, the Department has used an elapsed time from filing
of the application to a favorable construction authorization decision of 48

months, as suggested by the NRC staff, in order to estimate the total time
needed to develop a repository. An additional 12 months has been allowed in
the extended schedule for unanticipated delays that may occur. These assump-

tions are consistent with staff suggestions that time intervals of 10 to 12

years from preliminary design to a decision on operating approval'~ should be
used in establishing repository availability dates.

The next step in the licensing process would be application for
a license to receive and possess the wastes. This activity can be conducted
in parallel with repository construction and should not be on the critical

path (see Figures III-2 and III-3, lines 12 and 13).
The remaining phases of licensing of a repository are amend-

ments to allow nonretrievable storage, decommissioning, and termination of the
license. Since all these activities would follow receipt of the waste into

the repository, they will not affect the date at which a repository will~ be
available.

|
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III.C.3.3 Summary

The existing knowledge of licensing requirements, as obtained
from draf t and proposed rules and communication with regulatory agencies, has
allowed the bounding ' of the effects licensing activities will have on the
schedule. Based on the existing information, estimates can be made of the
time which will be required for licensing. The attainment of such milestones
will depend on the final rule promulgated by the Commission and on the manner
in.which the Commission will process future license applications.

III.D FACTORS INFLUENCING SCHEDULE FOR MINED GE0 LOGIC DISPOSAL

In addition to the major decisions discussed in Chapter III.C,

several significant factors also can influence the timing and schedule of a
repository. This chapter discusses each factor, its relevance to the sche-

dule, programs under way to resolve questions or choose prefm.+d methods, and
the associated schedules.

III.D.1 Implementation of National Environmental Policy Act

111.0.1.1 Introduction

The National Environmental Policy. Act of 1969, '(NEPA) (8), as
implemented by the regulations of the Council on Environmental Quality (CEQ)
(22) and the Department's guidelines (32), requires that potential adverse
environmental consequences be considered in Department planning and decision-
making.- In managing the National Waste Terminal Storage (NWTS) ' Program, the
Department will undertake actions having potential environmental consequences.
The potential environmental effects of these actions and their significance
vary. Actions range from decisions on an overall strategy for waste disposal
(involving a major resource commitment which ultimately may have a spectrum of
potential environmental effects specific to that strategy) to the selection of
specific sites and , facilities for waste disposal purposes. 0ther actions
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include the conduct of research (data gathering and analysis) which may have
little environmental effect but which may have important technological, cost,
and time implications on-long-term waste disposal.

Using the Department guidelines and the CEQ regulations, the
Department has developed a NEPA implementation plan for the deep geologic
disposal interim strategy which is integrated with the overall Department
planning and decisionmaking framework discussed in Chapter III.A. Figures
III-2 and III-3 graphically demonstrate the integration of the NEPA plan and
the overall decisionmaking process.

The Department's NEPA implementation plan for the NWTS program
is based on the " tiered" approach, which is designed to eliminate repetitive
discussions of the same issues and to focus on the actual issues ripe for
decision at each level of environmental review. This approach allows coverage
of general matters in broad Environmental Impact Statements (EIS's) with sub-
sequent narrower EIS's or Environmental Assessments (EA's) incorporating by
reference the general discussions and concentrating solely on the issues spe-
cific to the subsequent decision.

The NEPA implementation plan identifies the major decision

points in the program to assure that appropriate environmental documentation
is completed prior to each such decision and prior to the conduct of activi-
ties that may cause an adverse environmental impact or limit the choice of |

reasonable alternatives. The first major decision process in the NWTS program
is selection of a program strategy for disposal of nuclear waste. As will be

discussed more fully below, the mined geologic option is now being pursued as
the interim planning strategy.

The second major decision process is that involving the selec-
tion of sites for the disposal of nuclear waste assuming the mined geologic <

option. The process for selecting sites for geologic disposal is described in
Section III.C.1. The major decision poin,ts in the site selection process are:

1. Adoption of a . National Site Selection and Charac-
terization Plan including the National screening
for potential regions and selection of- areas
(approximately 1,000 square miles) for further
study.

III - 37



2. Identification of locations (10 to 30 square
miles) for.in-depth study.

3. Selection of a preferred site (s) for banking,
including the possible development of an early
shaft.

4. Acquiring an interest in land, including action to
protect potential sites from other uses.

5. Selection of a candidate site to propose to NRC
for licensing as the first repository.

At each of these decision points, the Department will consider
the appropriate NEPA documentation. While the appropriate NEPA documentation

is being prepared for the various decision points, program activities, inclu-
ding site characterization activities, that have been analyzed in previous
NEPA documents may continue. In addition, further site characterization act-

ivities may continue, if it is clear, based on the Department's review, that
they do not (i) have an adverse environmental impact or (ii) limit the choice
of reasonable alternatives (33). These activities could include environmental
studies, routine geophysical studies, shallow drilling, and borehole drilling.

III.D.1.2 The Department's National Environmental Policy Act
Implementation Plan

III.D.1.2.1 Program Strategy

The environmental effects of selecting a program strategy, in-
cluding the selection of a preferred technical concept for waste disposal, are
addressed in the Draft EIS on Management of Commercially Generated Radioactive
Waste (34), issued in April 1979 for public comment. Ten technical concepts,

including mined geologic disposal, are analyzed in the Draft EIS. The sub-

stantive issues raised through the public_ comment process have been carefully
reviewed and are being addressed in the Final EIS which is scheduled for
issuance by October 1980.
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Pending the completion of the Final EIS, the Department is

implementing the President's interim planning-strategy which is focused on the
use of mined geologic repositories (1).

111.0.1.2.2 Site Selection Process
:

III.D.1.2.2.1 National Site Characterization and Selection Plan

The Department proposes to adopt formally the current NWTS' Site
Characterization and Selection Plan as the comprehensive National Site Charac-
terization and Selection Plan. The current plan incorporates the process

described in III.C.1, and will be followed pending adoption of a formal plan.
An EA is being prepared as input to the decision on whether to adopt or modify
this plan.

The proposed plan includes:

1. The methodology for identifying geographic regions
for site studies.

2. The methodology and criteria for screening these
regions for areas, locations, and candidate sites
to be studied in detail.

The environmental impacts of the methodology and criteria in the-
proposed plan and their reasonable alternatives will be assessed. In addi-

tion, the selection of areas for further study and the anticipated range of
site characterization activities, including -the environmental impacts of typi-
cal surf ace and subsurface activities in several environmental settings, will
be analyzed. Similarly, the criteria proposed to be used to qualify and dis-

'

qualify sites will be discussed..

It is believed . that an EA, and not an EIS, is the appropriate
level of NEPA review, since it is unclear that the decision will have environ-

mental significance. However,- upon completion of the EA, a decision will .be
made regarding the need to prepare an EIS. The Department will consider the
results of the NEPA review prior _ to deciding whether.- to adopt or modify the

i
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proposed plan. The adopted site characterization process will be repeated in
diverse geologic environments and different host media until four to five

sites have been qualified.

III.D.1.2.2.2 Identification of Locations

Following completion of Area Studies for a particular region, in
accordance with the National Plan, an EA will be prepared as input for a deci-
sion to narrow the investigations to a limited number of locations. The site
selection process to date will be described, and the environmental factors

,

'

pertinent to the proposal to limit more _ comprehensive exploratory activities
to the preferred locations will be analyzed. A comparison of environmental
f actors for preferred and alternate locations, based on data commensurate with
the level of site-specific information available, will be provided and the

environmental impacts of the range of potential exploratory activities antici-
'

pated in the location studies will be considered.
Here too, it is believed that an EA is the appropriate level of

NEPA review, since it is unclear that this decision will have environmental

significance. However upon completion of the EA, a decision will be made

regarding the need to prepare and EIS.

III.D.1.2.2.3 Identifying Preferred Sites for Banking /Early Shaft

At the conclusion of the location studies, the Department will

propose one or more of the sites in a location as a preferred site to be bank-

ed (see III.C.1). Because a banked site ultimately may become the location of
a repository, it is appropriate to . prepare an EIS prior .to- the decision to

bank the preferred site (s). This EIS also would provide input to a decision

to acquire an interest in the site (s), if necessary, in order to maintain the
integrity of the site through the site selection process.

|
Using a general conceptual design for the appropriate media (a

site-specific design will not be developed until after the candidate site is
selected), the EIS will evaluate the potential environmental impacts of (1) a
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conceptual repository at the alternate sites within the region (ii) the de-
tailed site characterization activities which may be required at each of the
alternate site (s), including the possible construction of an early shaf t, if

required.

Although the general conceptual design will not be site-

specific, it will be in an advanced stage of development relative to the
medium in which the potential candidate sites are located. This will allow
adequate analysis of the potential environmental impacts associated with a
conceptual repository at each of the alternative sites. In addition, the

interaction of waste package options with the geologic medium will be' assessed
in each site banking EIS.

III.D.1.2.2.4 Site Selection

Following the banking of sites in several media, a site will be
selected for a license application for the first repository. The EIS's pre-
viously prepared for site banking will be supplemented, as appropriate, in an
integrated EIS, which will provide a comparative environmental analysis of the
alternative sites. This EIS will incorporate by -reference the site-banking
EIS's and include any significant new information obtained since the prepara-
tion of the earlier EIS's. The site-selection EIS also will serve as input to.
the environmental report submitted to NRC with the license application.

III.D.1.2.3 Land Acquisition

Af ter a site selection decision, the Department may take steps
to permanently acquire the site. The site banking EIS's, as- supplemented in
the site selection EIS, will be used'as input to the land. acquisition decision.
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III.D.1.3 Schedule and Updates
;

!

As graphically demonstrated in Figure .III-2, all NEPA documenta-;

| tion will be coordinated with the preparation of technical reports and provide
timely input into the Department's decisionmaking. The Department's ~ NEPA

! implementation plan for the repository program will be updated periodically as
necessary, to reflect current policy.

III.D.1.4 Summary

A management approach which integrates NEPA requirements into

overall program planning and decisionmaking has been developed. The manage-

ment approach is structured to ensure that the environmental impacts of all-

reasonable alternatives will receive meaningful consideration at each stage of
the decisionmaking process. The Department believes that this management
approach will result in the timely attainment of a safe and environmentally
acceptable operating waste disposal system.

III.D.2 C_ooperation of Multiple Federal Agencies

The Presidential statetent of 12 February 1980 emphasizes the
commitment to provide for safe disposal of radioactive wastes with support
from all agencies within the Administration, as follows:

My objective is to establish a comprehensive program
for the management for all types of radioactive
wastes. My policies and programs establish mechan-
isms to ensure that elected officials and the public
fully participate in waste decisions, and direct
Federal departments and agencies to implement a waste

| - management strategy which is safe, technically sound,
l conservative, and open to continuous .public review. .

This approach will help ensure that we will reach our-
|

objective--the safe storage and disposal of all forms -
of-nuclear waste.

|

|
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In addition to emphasizing the interactions among agencies with
expertise and responsibility for elements of a waste management program, the
Administration has placed a high priority on the program, as evidenced by the
Interagency Review Group (IRG) effort (21). In its role as lead agency for
the management and disposal of radioactive wastes, the Department, is prepar-
ing, with cooperation of other cognizant Federal agencies, a detailed National
Plan for Nuclear Waste Management to implement the President's policy guide-
lines and other IRG recommendations. The Department's program has been re-
viewed at the highest levels of government and by a variety of agencies and
organizations over the last 2 years. The program content now includes many
activities specifically recomended by the IRG so that other agencies will
support the Department activities where required. The ability to draw on the

resources of such organizations and to obtain meaningful comments and direc-
tion will enhance the Department's ability to meet ma,jor milestones.

In accordance with the President's direction, the Department
has established an Interagency. Working Committee on Radioactive Waste Manage-
ment. This comittee is chaired by the Department's' Deputy Assistant Secro-
tary for Nuclear Waste Management and is composed of officials from other
agencies such as the Department of the Interior, the Department of Transporta-
tion, the Environmental Protection Agency, and the Nuclear Regulatory Comis-
sion. The goal of this comittee is to ensure that the President's waste

management policy is properly implemented. The functions include interagency
comunications and coordination on technical and nontechnical matters. Speci-

fic arrangements for interagency cooperation are described in the following
sections.

TII.D.2.1 U.S. Department of the Interior

III.D.2.1.1 U.S. Geological Survey

Coordination with the U.S. Geological Survey (USGS) of the
Department 'of the Interior occurs through a variety of mechanisms such as
periodic planning meetings, reports of technical progress, and information
exchanges on the parallel programs of the Department and the U.S. Geological
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Survey. . A f'ormalI Memorandun of Understanding will shortly be developed bet-
ween the Department of the Interior and the Department of Energy covering this
cooperation with both the USGS and the Bureau of Land Management (BLM). This

Memorandum of> Understanding will include:
,

1. Procedures for reserving ~ potential repository
sites on public land. ,

2. Procedur(; for collaboration on the summaries of
,

the status of knowledge _ relevant to disposal of
high level and transuranic wastes.

3. Procedures for collaboration on the site qualifi-
cation and Earth Sciences components of the Nuc-
lear Waste Management Plan, and for cooperation
in the areas of research and development and site
qualification activities, including mechanisms,

for transfer of funds as appropriate.

4. Procedures for the Department of the Interior to
assist and advise the Department of Energy in the
conduct of studies relevant to rock mechanics of
repositories, in reviewing ' repository designs,
and in monitoring repository construction activi-
ties.

5. Implementation of consultation and concurrence in
relations with States and liaison with the State
Planning Council.

6. NEPA implementation ~ planning.

7. Other relevant matters as mutually agreed.

The unique and germane experience of the USGS is being utilized
to support a variety of technical activities, as outlined below.

III.D.2.1.1.1 Earth Sciences Technical Plan
|

I The USGS is -participating with the Department in development of
an Earth. Sciences Technical Plan (55) to define the technical efforts required
for successful' mined geologic- waste disposal. .This plan describes technical:
efforts required in 'such areas .as site identification and characterization,

IIIL- 44
.

e



rock mechanics, repository sealing, waste / media ' interactions, and repository
performance assessment. It will be used to assist in the' development' of de-
tailed planning of activities in the NWTS Program.

I11.0.2.1.1.2 Evaluation of Potential Geological Environments

-!
The USGS is involved in geological / hydrological characteriza-

tion activities that are funded through Interagency Agreements (35) as part of
its support of the NWTS Program. The USGS has a large reservoir of germane
information as well as capability to develop additional technical data. 'These
capabilities and programs have been applied to support the Department's pro-
gram, as described in the Earth Sciences Technical Plan and in numerous USGS.
open-file reports. For example, the USGS is coordinating and conducting stu-
dies of cored geologic material, geophysical surveys to characterize areas of
interest, and remote sensing studies, within the Paradox Basin;- is compiling
geohydrologic maps for the South Central Mississippi Salt Dome Basin and the
Horth 1.ouisiana Salt Dome Basin; and, in cooperation with the Department, has
planned to perform geologic / hydrological evaluations of the United States.
The USGS-designated provinces are shown in Figure III-5. These studies will
be conducted by funds directly allocated to the USGS.

The USGS also is conducting the site exploration, and site cha-
racterization activities in Nevada, as well as the regional hydrologic studies
for the Basalt Waste Isolation Project.

111.0.2.1.1.3 Technology Development

USGS -expertise is being utilized in the- conduct of' certain
technology studies defined in the Earth Sciences Technical Plan. For example,
the Survey participates in evaluating fundamental rock properties, rock struc-'

,

tures, lithostatic pressures, stability, and other rel'ated issues. The Survey- 1

is conducting basic experimental studies to determine the likely interactions
.

among salt, brine, canisters, and waste over a range of temperatures and pres-
|

sures that may be considered in disposal of high-level radioactive waste 'or
spent fuel. In addition, .the Survey. is - cooperating in a . brine migration

_

!

:
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experiment being conducted at Avery Island in Louisiana. Individual USGS

scientists also participate in peer review committees such as the BWIP Geology
and Hydrology Overview Committees.

111.0.2.1.2 Bureau of Land Management

The Bureau of Land Management (BLM) of the Department of the-

Interior has the responsibility of overseeing and controlling the use of cer-
'tain Federal lands. Where exploration activities are conducted on such land,
the BLM is contacted and permission secured. As necessary, a formal coopera-

tive agreement will be prepared jointly by BLM and the Department to -document
what activities are to be performed, how those activities are to be conducted,
and conditions for land restoration.

Interactions between the Department and the Bureau already have

taken place concerning site characterization activities in the Paradox Basin
in Utah and at the Los Medanos Site in New Mexico (37).
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Figure III-5. USGS-Designated Provinces

Source: (Reference 36) Adapted from N.M. Fenneman, " Physiographic Divisions
of the United States," Annals of the Association of American Geograp-
hers, 3rd edition, Vol. 18, pp. 261-353, 1928.

III - 46
'



_ _ _ __ _

III.D.2.2 Corps of Engineers

The Corps of Engineers has the most experience within the Fed-
eral Government regarding real property acquisition. Therefore, limited work-
ing relationships with the Corps of Engineers have been established (38) to
assist the NWTS Program. Future expansion of Corps of Engineers involvement
to support siting of a repository or more extensive R&D activities could read- )
ily be achieved. Their services have been and are being used to obtain access
for field activities in Louisiana. Its current duties in Louisiana include:

1. Determination of land ownership and holders of
surface and subsurface rights from whom permis-
sion must be secured in order to enter property
for the purpose of field exploration and, in the
future, for acquisition of a repository site.

2. Contacting the landowners and negotiating rights-
of-entry, leases, or ' other legal instruments as
required for land access.

3. Making paynents to landowners for. leases that
have been obtained.

The Corps of Engineers Waterways Experiment Station in Vicks-
burg, Mississippi, is investigating the composition, constitution, properties,
and interactions of materials considered for use in plugging boreholes and
sealing shaf ts (39).

:

|

III.D.2.3 U.S. Department of Agriculture '

The U.S. Department of Agriculture (USDA) has responsibility
for access to National Forest lands. To implement the Department's program it
has been necessary to implement agreements to allow investigations to continue
while providing full protection to the environment.

A Memorandum of Understanding (40) between the USDA and the
Department was prepared. for geological / hydrological characterization activi-
ties in the De Soto National Forest of Mississippi for the Gulf Coast Salt
Dome Study.

III '47

L___ _ - - - . _ _ _ _ _ _ _ _ _ _ _ _ . . s _ _ __



. _ _ _ _ _ _ . .

:
!

The USDA Science and Education Administration, through a series'

of Land Grant Colleges, can_ provide _ a socioeconomic impacts determination and
;

' mitigation program. This program provides site-specific methodologies to
assess socioeconomic impacts- and to analyze potential mitigative actions.,

USDA is also establishing a Technical Advisory Panel for periodic peer review
,

and evaluation of these studies. An interagency agreement has been negotiated

to bring this USDA expertise to the program will shortly be signed..
:

111.D.2.4 Summary

Establishment of nuclear waste management policy by the Presi-
dent has established a strong foundation for interaction among the appropriate
Federal agencies. The existing cooperation can be expected to expand under

{ the President's strong interest. As this coordination continues, technical,

administrative, and regulatory delays will tend to be minimized to reduce
j impacts on the schedule of the overall NWTS Program,

i

III.D.3 Land Acquisition Activities
|
i

! Where the Department does not already own or control a proposed
repository site, the acquisition of the real property for the repository must
be included in the schedule. Non-Federal land can be acquired by the Depart-
ment for a repository site (41), following procedures already' established
within the Department (42). Federal property controlled by other agencies may

| be acquired by transfer to the Department following procedures established by _

! the General Services Administration (43) or by the Department of the Interior ~.
Public lands administered by - the Secretary of the Interior

through the Bureau of Land Management can be used for a repository only after

withdrawal of such lands (44).
The Secretary of the Interior may, upon request by the Depart-

ment, administratively withdraw public lands of 5,000 acres or' more for ~ a-

period ' of up to 20 years (45). The Department of; the Interior has proposed
regulations that would permit: renewals of such a withdrawal (46). However, _

~ '
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.

the . administrative procedure would not be practical for the withdrawal of
lands for a repository, which entails permanent and exclusive use of these,

lands.

,

If a site ' of ' 5,000 acres or more is proposed on public lands,
the Department plans to request administrative withdrawal of such lands for a
term not to exceed - 20 years. During the time of the administrative with-
drawal, required site characterization and other preselection activities will I,

take place. If the site is ultimately selected for a repository, the Depart-
'

ment will seek to obtain permanent withdrawal of the site by statute.
The Department proposes to acquire an interest in a site for a

repository following the designation of a preferred site 'in a region. This

action, as part of the site banking process, will occur in parallel with con-
,

Unuing site characterization activities. In this way, and as specifically

i demonstrated by the above outline of the Department's plan for the withdrawal '

of public lands,-any potential impact of property acquisition on the schedule
i would be minimized.

' - III.D.4 Availability of Expert Scaff
,

i

' Ill.D.4.1 Introduction
e

i

; Skilled technical personnel will be required in the site explo-
| ration and characterization phase of the program, in the development of neces-
I sary technology, and in the design and construction phase of the repository.

III.D.4.2 Site Exploration and Characterization-

The site exploration and characterization phase of the; NWTS
Program' requires the use of - expert human resources in 'various -disciplines,
particularly -in the area of earth sciences. The availability of- these human
resources has been evidenced by.1 responses received from solicitations for
organizations to . perform geologic project-management and. site characterization
and exploration work. For example,- 24 firms responded to the o'riginal-(1977)

, .III 49- -

.

y =* -*bJ-- 2 A ye - ,4 . e sas 3 y - - .u-. m '. -



:

solicitation for the selection of geologic project managers for regions cur-
'

rently _ being investigated. A recent solicitation for an additional geologic
project manager elicited 12 responses from qualified organizations. Other

; efforts in FY 1980 involved solicitations for a national site screening pro-
| ject and elicited 6 responses. For deep drilling in the Permian Basin, 6

responses are expected; and for an environmental project manager,10 responses
are expected. The responses to a variety of site characterization and explor-
ation solicitations indicate an adequate resource capability for conducting
these activities in a timely manner, even though other energy-related activi-

,

!
| ties may concurrently be receiving attention.

!

! III.D.4.3 Repository Design and Construction

Through prior repository conceptual design activities (34,

47-49), several of the nation's largest engineering firms are familiar with
,

'

the requirements for repository design and construction. Typically, the en-

; gineering and scir.tific disciplines involved in the. design of a repository

include those s'swn in Table III-1. Improved capabilities in both the nuclear
and mining '..gineering fields over the past decade mean that many engineering
firms + .aay are capable of designing a repository. Previous procurement act-
iviues for conceptual design have resulted in expressions of interest from
over 20 major engineering firms, most of which have been considered qualified
to perform the work. Design support contractors in . specialty areas, e.g.,

rock mechanics, radiatior. shielding,. and environniental effects, are becoming
increasingly available. The earth sciences . technical community . is now and
will continue to be hewily involved in the conduct of the program.

From a construction standpoint, virtually all the expertise

required for a repository is currently available. Construction skills may be
in- limited supply in the field of shaf t , sinking, where a rapidly expanding
minerals exploration industry causes -high demand for such services. However,

this limitation can be overcome by advance procurement' planning. Construction

requirements will be known sufficiently in advance of the time of construc-

tion, chiefly because of the length of time required for licensing reviews
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prior to the issuance of the Construction Authorization. Between the time an '

application is made to the Nuclear Regulatory Commission and the time con-
struction authorization is issued, the Department will be able to engage all
necessary construction skills.

11I.0.4.4 Operating Staff

Present planning calls for engaging the repository's operating
contractor prior to or coincident with submission of the license application,
to ensure that operational considerations are properly factored into the de-
sign and construction. This strategy allows the operating contractor to be
available and allows the development of operating staff for many years in
advance of actually beginning receipt of waste shipments. Thus ample oppor-

tunity is available for developing the necessary expertise of the operating
staff. Opportunities for operator training exist at the repository site it-
self, other Department installations, and through their participation in func-
tional checking and acceptance testing of repository systems.

111.0.4.5 Summary
.

The design and construction expertise required to build a mined
geologic repository is currently available in the United States. Operating

expertise will be available by the time the repository is ready for waste
'

emplacement. The schedule for implementing the repository option should not
be affected by the need for lead time to develop the needed expertise.

111.0.5 Logistical and Administrative Factors

Although sufficient design and construction expertise exists,
plans to engage specific contractors for the first repository have not been

completed. Major contractors involved will include the architect-engineer, j

the. construction manager, and the repository operating contractor.
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# ' Table III-1. Specialty Disciplines Required for Repository Design

Underground Surface General

Shaft sinking Remote. handling Thermal analyses
eqJipment and

Hoisting systems techniques Shielding analyses
*

Mine design and planning Hot cell design System studies

Mine construction Pemote viewing Licensing experience

Mine ventilation Civil engineering
recontamination'

Bulk materials technology Safety analysis'

_

handling
Waste processing Quality assurance

Operations analysis / (in-plant)
logistics Reliability

Waste processing assurance
Shielding analySas (interfaces)

Scheduling
Thermal anal',ses Ventilation for

containment . Estimating

Complex mechanisms Architecture
Hydrology

'

Assay and NDT Process' piping
Geology technology

Electrical
Geochemistry Operations analysis / engineering

logistics'

-Instrumentation
Seismic and tornado

analysis Controls
,

Shielding analyses Safeguards / security-

Thermal analyses Environmental
~

Bulk materials
handling systems Nuclear engineering

Railroad construction

. Mitigation of envi-
: ronmental impact
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1

As all .of these contract tasks involve large amounts of money, j

with activities spanning several years, Federal procurement regulations re- |
quiring competitive bidding apply. The procurement process may take as long i

as 12-15 months on each contract, as shown in Table III-2. Current planning
for repository implementation recognizes these long procurement intervals, and
consequently these intervals are not viewed as critical to the overall sche-
dule. Consideration will be given to engaging the architect-engineer contrac-
tor at an early date, as candidate sites are qualified. Architect-engineer
contractors are currently engaged to conduct special studies and evaluate
engineering options for repositories in salt and to develop a coneptual de-
sign for a repository in basalt. Construction managers and construction con-
tractors can be sought and acquired wi.ile the Commission is reviewing the
license applications. The operating contractor normally should be selected
prior to start of construction; however, such a contractor could be sought as
soon as the repository site is selected and then could provide input to the

design process and to the licer. sing process.
The repository is defined as a " Major System Acquisition" with-

in the Department. As such, formalized procedures govern its development.
These procedures specify the need for developicq system missions and charters,
along with project management plans, at an eat ly date. An Energy Systems

Acquisition Project Plan (50), which outlines adninistrative logistical fac-
tors as discussed above, has been prepared and approved within the Department.

The design and construction of the repository will be accom-
plished with funding specifically authorized by Congress as part of capital
budgets. Requests for capital funding are submitted by the Department when
and as required. Under current planning assumptions, arity may be neces-

sary by FY 1983 to ensure banking or protection of sity . Timely execution of
the repository project will depend on necessary authorizations of funds by the

#

Congress. The potential impact on the schedule of deferred or fragmentary |

funding authorization is impossible to assess in advance. However, as part of
the planning of construction projects, scheduling and estimating ' techniques i

are used at the preauthorization stage to allow rapid assessments of schedule
slippages due to budget reductions. Careful planning of funding requests- and
procurements will minimize schedule slippages resulting from funding delays.
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Tabi .I-2. Typical Department Procurement Process for
Cost-Type Contracts in Excess of $10,000,000

Elapsed Time
Action (calendar days)

Establishment of Contractor Evaluation Board 0
by Source Selection Official

Preparation of Selection Criteria 7

Approval of announcement to tm published 30
in Commerce Business Daily and
Selection Criteria

Publication of CBD announcement 37

Receipt of Standard Forms 254 and 255 68

Board evaluation of Standard Forms 254 and 255- 79

Formal request for supp'lemental information sent 110
to qualified firms

Discussions with top-ranked firms 141

Board recommendations / presentation made to 171
Source Selection Official

Firm Selection 185

Cost proposal requested from contractor 215

Audit completed 265

Negotiations completed 287

Contract to Department Headquarters for approval 317

| Contract signed 347
|
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III.G.6 Design and Construction Time Factors

III.D.6.1 Introduction

As a result of conceptual design ' activities conducted to date
(1, 2), the details of design and construction scheduling have been developed |

'

for a typical repository. These schedules are used as a reference case in
this discussion, and assessments of schedule differentials associated with

building repositories in various geologic formations are made.
In developing schedules for repository construction, it is

significant that, although a repusitory has not yet been built, numerous exam-
ples exist for the construction of facilities and projects that are quite

similar to elements of a repository. Experience exists from the construction
of nuclear receiving facilities, and from shafts and mine development through-
out the United States. Consequently, there is a basis to support the planning
assumptions. It is also of note that surface facilities at the repository for

handling radioactive materials are, by comparison to a reactor or a reproces-
sing plant, relatively straightforward.

In the following discussion, a typical design and construction
schedule for a salt repository (47, 48), ramifications of other media (49),
and potentials for delay that may exist, are addressed.

III.D.6.2 A Typical Salt Repository Schedule

Figure III-6 presents .a representative engineering schedule and
construction schedule from a recent study (47) done for a dome salt repository.

Initial engineering activities would, over a 2-year ' period,

develop sufficient design knowledge to support the license application. Cur-
~

rent planning allows for this activity to initially address multiple specific

sites; final site selection would be decided during the. first year' of engin-
eering work.

,
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REPOSITORY SCHEDULE
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Figure III-6. ~ Standard Construction Schedule-

Source: (Reference 47) Stearns-Roger Engineering Company, Conceptual Design
Report, National Waste Terminal Storage Repository for Storing Repro-
cessins Wastes in a Dome Salt Formation, DOE Contract No. EY-77-C-05-
5367, l.5. Department of Energy, January 1979

.
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After making the license application, Title I design for sur-
f ace and subsurface facilities will start, supported by project-specific capi-
tal funding. Title II Detailed Design (also supported by capital funding),
follows Title I. The shift from Title I to Title II will occur at different
times for each element of the repository. Design efforts will initially con-
centrate on those elements of the repository that either will be constructed i

first or have long procurement intervals.
A minimum of 2 years of Title I and II design will be required

before construction activities can begin. This time is required for develop-
,

ing sufficient Title II design for critical elements of construction such as
site development and shaf ts, so that construction bids can be solicited and
contracts awarded for those elements of the repository. This design work can

pcoceed in parallel with the licensing review process. Completion of Title II
_

design for the balance of repository facilities can proceed concurrently with
construction of previously designed critical components and can be sequenced
to the overall construction plans as required.

Construction and checkout of the f acility will require about 6
to 10 years (69 to 117 months) depending on the rock type, at which point the
repository will be ready to begin receiving wastes. Construction of the
shaf ts and development of the waste emplacement building above the main shaf t,
and development of the underground area are the critical activities that will
determine the time required to Duild the repository. The construction of
surface facilities can be sequenced to support underground development, mini-
mize congestion and interference among adjacent facilities during construc-
tion, provide for an orderly transition from construction to operation, and
maintain reasonable manpower levels.

Assumptions have been made in these schedules regarding such
f actors as climate, transportation, labor availability, and productivity for
repository design that are consistent with common construction practice.

Approximately 8 years will be required to design and construct
a repository in salt. Many separate organizations, government agencies, i

architect-engineers, and contractors, will participate in the design and con-
struction of the' project. Effective management will be a determining factor
in successfully meeting such a schedule. The major features of the schedule
are' summarized below and discussed in subsequent paragraphs.
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<

Titles I and II design required prior 24 months
to starting construction (concurrent
withlicensingreview)

Initial -site clearing and excavat' ion 6 months

Initial shaft sinking and support 27 months
facilities

Underground _ development, completion-
of shafts and surface facilities 36 months-

,

Construction duration- 69 months

Total duration 93 months
,

Engineering prior to construction will include those activities
necessary to let the initial construction contracts and develop standards for
initial subproject engineering packages.-

An estimated 6 months will be required to prepare the site for
initial construction activities. During this period, temporary site - access
routes will be developed, temporary utilities acquired, and the area surround-
ing the shaf ts cleared and brought to final grade. The scope of work and time
required for initial site development will be determined by site conditions
and could change significantly when a specific site is selected.

Three shafts .will be sunk first, . followed immediately by the
other remaining shafts. Shafts for men-and-materials access and the mine
development exhaust shaft are required first for underground development.;

Early completion of the canistered waste shaf t is -desirable, so that construc-
tion of the canistered waste handling facility can be started as early as
possible. Conditions - at a specific site could affect the time required to
sink shafts. At this phase, ancillary -. surface facilities to support . mine

-

develepment and construction of major surface ~ structures _ will also = be con-
structed.

Sinking the men-and-materials shafts, constructing. tihe ~ waste
receiving building,- and ; developing the canistered waste emplacement area are

-the critical activities in - this . schedule. . They essentially determine thej.
_

duration of the schedule and establish the ' general time frames available for -
completion of other activities. The waste emplacement ~ area developed. during
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construction could be sufficiently large _ to accommodate 5 years of waste re-
ceipts (approximately 9,000. metric tons). This is approximately 15%-20% of
the total area that will eventually be developed underground. |

Surface facilities are scheduled to start as' soon as it is
possible to do so without interfering with construction of more critical
facilities. This creates a schedule which allows most facilities to start
anywhere within a given duration frame- rather than on a specific date. This

'

flexibility will enable schedules to be structured to meet limitations in
resources or allow for special circumstances. Construction of facilities will4

be scheduled to produce a reasonable manpower distribution.3

III.D.6.3 Implications of Media Other Than Salt
,

( Salt has the property of being relatively easy to mine in com-
parision with other rock types. Elaborate roof support systems are generally
not required, and mechanized mining systems can be employed to allow . fairly
rapid excavation.

This is not the case for many other geologic media 'under consi-
deration. Repositories in argillaceous . rocks may require extensive roof and
wall support systems (51). Basalts and granite rocks may require the use of
different mining methods, so that the time required for excavation of a given
area may increase. The amount of excavation needed to accommodate a given
quantity of waste is dependent on allowable thermal loading criteria. For the ;

specific case of basalt, the; incremental difficulty in excavation (with res-
pect to salt) is balanced by higher allowable thermal loadings. -Thus current
estimates for the construction time for a basalt repository of an equivalent

capacity would be comparable to the estimate for repositories in salt.
Salt and basalt represent two - geologic media most studied to

date in the program. Extrapolation of- construction requirements to other
geologic media is difficult without- detailed knowledge of the media. Nonethe-

~

less, using the._ results of preliminary' studies (49), it -is concluded' that a
repository can be constructed. and checked out in alternate media within 8
-years. This estiraate is. reasonable for planning purposes, and is longer. than
expected schedules of 69 months for salt and. basalt formations.
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I I I '.D . 6.4 Potential Delaying Factors

'

Prudence requires that, as a project goes forward, attention be
' given to verifying that the- planning _ assumptions and their rationale are not

''

altered. Situations may be encountered that will cause reassessment of . con-
'

~struction schedules.- Therefore, several sources of potential ' delay have been
identified and their' potential impact discussed below.

III.D.6.4.1 Procurement Delays
-l

! |

Current design programs have identified major components ' of the I

! repository with long procurement lead times. These are factored into current
: schedules, and therefore do not represent a major perturbation. The basis for

! this position is that long-lead' items get early attention during the design
process. Currently it is estimated that- 2 years of design time are necessary

;

i prior to construction, and during this time emphasis is given to long-lead
items. This time interval is provided for in the schedule.

III.O.6.4.2 Strikes and Labor Disputes

Strikes and labor disputes can, if not considered in the plan-
,

ning phases of the construction, disrupt construction schedules. Construction
contractors for the repository will be encouraged to utilize collective bar-

-

gaining techniques that minimize the potential for such actions. Though no

specific allowance has -been identified in the schedule, an allowance for: lost
time comparable to that experienced for 'other projects of this size is

included.
:

j- III.O.6.4.3 Current Schedules-

,

~

J Current schedules call for simultaneous J commencement of con-
struction' for ; several |shaf ts and ' other . elements - of | the repository. -If - in -

,

stead, the Department ~ elects to take 'an approach wherein the full construction 1
effort starts :only -'upon . completion of - the first shaft, ' the ~ schedule would - be

f
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|t

extended about 3 years. Figure III-7 depicts a construction sequence for this
approach. While the . present strategy does not envision this action, it is

'

acknowledged as an alternative.

i III.D.6.4.4 Implications of an Exploratory Shaft

If construction of a shaf t for -exploration at depth were re-

; quired before submission of 'a ' license application, the start ' of design and
_

,

! construction would be delayed about 40 months. However, the duration of full-
scale repository construction would not be significantly affected as multiple

,

shaft excavations are presently planned.

I11.0.6.5 Summary

Of. the many factors that can influence construction schedules,
the majority are associated with specific site conditions and environment, and
are, therefore, resolvable as the site selection processes evolve. Other

f actors are associated with strategic changes to repository planning, and thus
represent a variant that comes from both site conditions and regulatory con--
sideration. *

,

6
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Figure III-7e Extended Construction Schedule

Source: (Reference 47) Stearns-Roger Engineering Company, Conceptual Design
Report, National Waste Terminal Storage Repository for Storing Repro-
cessins Wastes in a Dome Salt Formation, DDE Contract No. EY-77-C-05-
5367,L.S. Department of Energy, January, 1979
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III.D.7 Initial Operation Period and Backfill

The objectives of the initial repository operation period- are
to (1) adequately demonstrate the full-scale handling and emplacement of
wastes, particularly those with high thermal emissions, in an underground
environment; and (ii) confirm underground repository design and performance
assessments.

The successful handling of a- few thousand canisters will demon-
strate the capability of all aspects of the waste handling and placement '

systems.

The problems of confirming underground designs and performance
are more involved. The goal is to verify the predictive capability of the
methods used to apply early geologic test data to.the specific site and design
configuration and to ensure that no phenomena associated with actual- waste
placement have been overlooked. To accomplish this goal, extsnsive instrumen-

~

tation and testing are planned for the first few years of operation.
Based on the types of activities involved in the initial opera-

tion, it is possible to derive and support certain conclusions with respect to
repository design confirmation. First, the experimental period is not intend-
ed to verify rigorously the performance of the repository over the very long

_

term. Instead, its function is to provide in situ data, at the specific site,

on real waste, over a reasonably large area, as additional input to be issued
in mechanistic computational models, which will have been used to make the
long-term projections upon which repository licensing will be based. Addi-

i

tional observation's made during the initial operation will be used to confirm |
previous long-term predictions. The other principal function of the initial

period is to provide an opaortunity to identify any processes or phenomena

that may have been overlookeo in the initial analysis. Current planning indi-
cates that approximately 5 years will be necessary for this period. Acceler-

ated tests, such as those discussed in II.E.1, can be' performed to effectively j

duplicate repository conditions that might develop'over long periods of time, I
~

so that decisions to modify design features or procedures can; be made after a
~

few years of operation.
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These early' years of operation are expected to feature methods
and mechanisms that allow ready retrieval of the waste. Examples of such
mechanisms include maintaining the storage rooms in an open state and insert-
ing protective sleeves around waste canisters to mitigate interactions with
the host rock.

In the event that repository operation or long-term isolation
is seriously affected by conditions previously unforeseen or analyzed, an
alternate repository would need to be considered. Current planning involving'

multiple repositories schedules these repdsitories to become available ~ about
: every 3 years following the initial facility. Thus a backup capability is

expected to be readily available within the initial operational period. The

need for retrieval of the repository's inventory will be based on an overall
safety comparison of the risk of retrieval versus the risk associated with.

leaving the waste in place.
Upon completion of the initial experimental period, reliance on

easy retrieval by the abovementioned means could be abandoned with the approv-'
al of the NRC. Canister-filled rooms could then be backfilled as soon as
practical af ter the experimental period. Studies (34, 51-53) have demonstra-
ted that retrieval of the waste from backfilled rooms- is technically
possible. It is believed that such a need will not develop, however, because
by then the entire formation will have been extensively mapped and tested.
Nonetheless, as long as access from surface to the underground level is
maintained, exhumation of large fractions of the inventory will- be possible.
As with retrieval in the early phase, exercising a retrieval option at any
time prior to closure will have been predetermined ,in consultation' with the
Commission as part of its review and approva! of the decommissioning plan,

It is unlikely that including _ provisions for retrievabilityi
;

| will. affect the scheaule of repository development. Ample latitude.is provid-
ed for methodical, step-wise development including testing and evaluation. A-

high level of confidence - concerning the -integrity of the operation will be-
attained before backfilling will commence. Should retrieval of waste be
necessary following the initiation of backfilling, - waste management plans
include rerouting the wastes-to other-facilities.
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III.D.8 Technology Development

III.D.8.1 Introduction

Technical developmerits are needed and planned to ensure that
the required technological basis is available to meet the schedule for reposi-
tory development. The current status of NWTS programs has been discussed
previously in 11.0.4, II.E.1 and .2, and II.F.1 and .2. This section briefly

describes pertinent technology development activities for the waste package
(54), repository, and site subprograms (55) and gives the anticipated schedule
for these activities. The Department is proceeding with a systematic program
to develop the needed technology on a timely basis. The relationship of major
technology development milestones to the overall program schedule maybe seen
in Figures III-2 and III-3.

III.D.8.2 Waste Package

The Waste Package Subprogram is directed toward development of
waste packages acceptable for use in a mined repository in various media; its
status is described in II.E.1. The development program ranges from an analy-
sis of the rationale for the waste package function to verification that it
indeed performs that function. Criteria for the waste package function are
being established for all package components, including the candidate waste
forms; materials are being evaluated and selected; and package designs are
being developed. The technical approach emphasizes the following areas:

1. Waste forms are being developed and evaluated with
emphasis on spent fuel. Models to predict long-
term spent fuel behavior will enable evaluation of
alternative waste forms as well. Near-field mo-
dels, including package assessment capability,
will be operational in 1982, . and assessments with
integrated models will be possible in 1983.
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2. Barrier materials which form the components of the
waste package are being developed and evaluated.
This activity covers materials for the canister, |

overpack, and hole liner or sleeve, as well as
stabilizers and emplacement hole backfill mater-
i als. Material screening for package materials
appropriate .for salt will be completed in 1980. l
Screening for additional materials which might be '

more appropriate to other host rocks is continuing.

3. Waste package development includes design, analy-
sis, testing, and qualification of package compon-
ents and complete engineering scale packages.
Laboratory and field studies in selected geologic
test facilities of reactions among waste package
and repository components will be carried out and
the results iterated with design activities.
These activities will lead to waste package con-
ceptual designs for salt and hard rock in 1981 and

,

1982, respectively. Appropriate package design
concepts will be selected for salt and hard rock
in 1982 and 1983 respectively. The first site-
specific design will be complete in 1984. Other
site-specific designs will follow as sites are
selected.

4. Verification tests of complete fabricated packages
' are planned to assess handling techniques and

short term performance of the qualified waste
package. These tests will be conducted under-
ground in field test facilities, and ultimately,
monitored during start-up at specific repository
site locations. Preliminary field data for veri-
fying waste rock interaction models and waste
package components as well as a recommended suite
of in situ confirmation tests at the selected
repository site will be available in 1987.

III.D.8.3 Repository

The Repository Subprogram is directed toward the development of

| a viable underground civil structures and above ground facilities for the
'

isolation of nuclear wastes and for the necessary equipment and instruments to
operate and decommission the repository, as discussed in II.E.2.. Components

| of the repository serve' as additional barriers between the waste package and

| the surrounding rock strata. The technology. development subprogram to support

repository engineering emphasizes the foll'owing activities:
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1. Analyses will be carried out to establish refer-
ence repository conditions for granite, salt, and
bas alt. Key elements to be defined in the analy-
ses include thermal , mechanical, hydrological,
and chemical parameters. The analysis will be
complete in 1981.

2. A data base will be developed through experiments
(laboratory and field) to provide fundamental
information in support of repository design and
performance modeling. This data base will be
derived from studies in rock mechanics 'and waste-
rock interactions. Such studies are _a continuing
activity and are well under way. Data sufficient
for initial design will be available in 1985.

3. Instrumentation will be developed to provide
monitoring of repository status during testing
and operational phases. Such instrumentation
will be developed and available for in situ test-
ing in 1987.

4. A test program will be conducted to provide the
basis for selection of materials and design of
plugs and seals for shaf ts and boreholes, as well
as chamber backfills. Plugging material studies
are being conducted on laboratory and field
scales to establish seal lifetime in various rock
types. Designs for repository seals will be
available for bedded salt in 1983, domed salt in
1984, and granite in 1985. Final design for the ;
chosen site will be available in 1987.

5. Information will be developed to enable evalua-
tion of consequences of natural phenomena, e.g.,
earthquakes, on repository design and will be '

completed in 1981.

III.D.8.4 Site

Selection of a proper site for the repository is critical to

the whole concept of a mined repository and is discussed in II.D and III.C.
Technology support to site selection is twofold: first, a geohydrologic

scientific and technological data base is being developed, and second, a capa-
bility for overall repository / site performance assessment is being developed
and will be' verified and applied. The technology development subprogram to
support site selection emphasizes the following activities:
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1. The development of a data base on media proper- )

ties that influence radioactivity migration / :
. '

| retardation is under way in the laboratory.

; Nuclide migration tests will be conducted with
|

radioactive material in tuff and granite at the

! Nevada Test Site. A main objective of these
| tests is the development of test methods for

evaluating nuclide transport in the field. Re-
,

i sults from those tests will be .available in 1983
along with- data for comparison to laboratory!

sorption coefficients and for model _ verifica--

tion. Data sufficient for site selection will be
available in 1985.

2. Characterization of geologic samples from candi-
date sites with respect to thermal, chemical, and
mechanical properties will be available for site
selection in 1985.

i

3. Development of integrated models for the perfor-
mance assessments of the repository system with
respect to radioactivity release scenarios and
their consequences will be available for use in
1983. Models for evaluation, if necessary, of
thermal-mechanical-hydrologic coupling will be
available in 1984.

4. Verification of models will be based on the re-
sults of specifically designed laboratory experi-
ments and field tests and by model application to
simulate certain natural phenomena. Underground
testing of waste / host rock interactions are being
started this year, additional nuclide transport
studies in field test facilities will be initiat-
ed for waste package components, and a recomend-
ed suite of in situ site confirmation tests will
be available in 1987.

5. Application of the performance model to ' site
evaluation will start in 1981 and its use will
continue throughout the site qualification and
licensing process.
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III.E COSTS OF MINED GE0 LOGIC OISPOSAL FACILITIES

III.E.1 Introduction

l

This chapter addresses current estimates of the costs of geo- j
logic disposal of spent fuel. Costs for research and development, reposi-
tory facilities, and packaging / encapsulation f acilities are identified. The

existing basis for developing repository ' component costs is described, and
relevant studies are summarized. Representative repository component costs
are displayed, and the method used to develop these cost figures is presented.
Subsequent discussion then illustrates the sensitivity of repository costs to
variations in key design parameters. Repository costs presented herein are

then compared to previously published costs, and cost differences are
explained.

Cost considerations associated with options for interim storage
of spent fuel and other elements of a total waste management system are not
specifically addressed here. A discussion of storage and other related costs
appears in Part V, and sumary discussions in Part VI address waste management
costs in the context of the cost of power generation.

III.E.2 Research and Development Costs

Estimated R&D costs for encapsulation and mined geologic
disposal of spent fuel from commercial power reactors recently have been
developed (56). The total R&D cost will approach $2 billion. This estimate
includes studies in~ salt, basalt, volcanic tuff, and granite; waste package
development; continued study of an alternative disposal concept (subseabed
disposal); and equipment expenses.

III.E.3 Mined Geologic Repository Costs

-During the past 2 years,'seven significant studies (34,47, 48,
57-59) addressing repository economics have been performed. The first two l

istudies -(47, 48) are detailed repository conceptual design studies indepen- )
i
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dently done by major engineering firms. Their results also are reported in a

special study to reconcile differences in their cost estimates (57). These

two conceptual design repository estimates are for different types of salt
media (domed or bedded) and for different waste forms placed in each (high-
level waste and spent fuel).

The spent-fuel disposal study (58) draws heavily on the con-
ceptual designs (47, 48). Principal variations in repository economics are-
based on differences in waste form (reprocessing waste, encapsulated spent
fuel, chopped spent fuel, and vitrified spent fuel). -Cost categories are |

'

similar to those used in the EIS. Several variations of each waste form are
studied with respect to other technical parameters without preparing costs for
each alternative. |

The draft environmental impact statement on commercial waste |
management (34) also provides an original independent cost estimate. However,

this EIS is based on a less detailed cost breakdown and a much wider estimated
range of scenarios: for omnple,16 combinations of waste form and emplace-
ment media were studied for comercial waste repositories.

The Office of Waste Isolation Technical Manual-36 (59) contains
another original independent detailed repository cost estimate. Variations
include waste form, waste container, retrievability options, and media. In
all, cost estimates are prepared for 18-cases.

The repository included in ' the Department's preliminary spent
fuel acceptance charge estimate (60) is based on a planning study undertaken
prior to the completion of .the bedded salt conceptual design cost estimate
(48). Only the base line' repository cost is reported.

III.E.3.1 . Repository Component Costs
_

,

f

! This subsection defines components of repository costs for

| design and construction, operations,- and decommissioning. Conservative

| estimates are developed for repositories in various geologic media. These

| repositories are " standardized" in terms of using identical facilities and
criteria wherever possible. The sensitivity of repository costs is discussed<

for 3 variations: rock type,: thermal loading limits, and repository size.
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III.E.3.1.1 Basic Assumptions

For cost estimate purposes, it is assumed that the repositories
are based on the conceptual designs (47, 48) and preliminary judgments for
most likely engineering concepts. All repositories include facilities to

receive, inspect, emplace, and retrieve spent fuel and perform the associated
underground excavation and support activities. Following tiheir operational
life, the repositories will be decommissioned, including mine backfilling,
shaft sealing, surface facility demolition, and restoration of surface site.

The repositories will initially be operated in a readily

retrievable mode, during which time the emplaced fuel can be easily removed by
planned operational procedures. The receiving rate is limited to 1,800 MTV/yr
during the first 5 years. Following this period, the receiving rate cap-

ability is increased to 6,000 MTU/yr. During this period, methods used to
enhance ready retrievability are no longer utilized. Total storage capacity
of a particular repository depends on the usable area of the geologic forma-
tion and the thermal loading criteria, both dependent on site specific condi-
tions.

The basic surface facilities will not vary significantly

because of type of geologic media. However, mining and emplacement details
can change for different media and site conditions. For example, owing to
their overall cross-sections, small salt domes would require special consider-
ations in mine development planning. The drilling of shafts will vary accord-
ing to stratigraphy and the depth .at which emplacement occurs. Mining methods
and emplacement position preparations will differ with the . difficulty of
excavation of the rock. These effects are taken into account through use of
factors originally developed as backup data.

The estimates presented here were prepared as composites of- ;

existing designs and estimates, comparing similar facilities among various ' I

designs and selecting a' conservative concept as a standard for use in' all |
media. Media-specific costs, such as shaft sinking and excavation, were
derived for basalt and granite from detailed salt estimates by factoring to -

. consider rock density and ease.of excavation, 'using factors previously deve-
loped (59). Mine development configurations are assumed identical for all
media.
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Where a standard component was selected from a particular
design, the component's attendant operating and decommissioning costs were
also used. Where this was not the case, factoring as outlined above, was
utilized.

Site-specific influences on cost (e.g., remoteness from
'

utilities and roads) were assessed on a best-case / worst-case basis, using the
methods in the Cost Estimate Reconciliation Study (57). The estimates

presented consider the worst case for each of these constraints.

III.E.3.1.2 Design and Construction

Costs incurred under this category include all preliminary and
detailed engineering design performed on a site-specific basis; construction
of all surface facilities, shaf ts, and subsurface support areas; excavation of

|
a limited number of storage rooms (enough to accommodate 5 years worth of

I receipts); engineering inspection of all construction; and functional accept-
ance testing and run-in of completed systems.

III.E.3.1.3 Replacement of Capital Equip:aent

|
|

This category includes expenses for replacement of major equip-
ment items such as mining machinery, hoist motors, and waste transporters that

j will be necessery during the operhting phase of the repository.
|

|
; III.E.3.1.4 Operations
l'

These costs include operating costs of facilities for the

receipt, handling, and storage of canistered spent fuel assemblies from both -
BWR and PWR commercial power plants. The estimate includes all operating

costs for a~ repository, as well as mine development beyond the first 5 years
and costs for~ operating contractor key personnel for planning, testing, train-
ing, and maintenance during the line item-construction period.

Both fixed and variable cahgories of operating cost are

i ncl ud'ed. Fixed operating cost is associated with keeping the repository
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I
functional even if the receiving rate is zero (e.g., a supervisory work force). i

l

These costs typically accrue as annual costs. Variable operating cost is |

dependent upon receiving rate and includes labor and materials associated with i

rGceiving, processing, and emplacement (including excavation for emplacement).
Operating costs end with the completion of storage room backfilling.

III.E.3.1.5 Decomissioning

This estimate includes all decomissioning costs for a reposi-
tory constructed in accordance with the contemplated design and decomissioned
in accordance with the program outlined in the referenced reports. Costs for
operating contractor personnel on the site during decommissioning are included
in the referenced report and not in the operating costs. The three major

elements of decommissioning were assumed to be demolition of surface facili-
ties, backfilling of main entries and airways, and shaft sealing.

III .E. 3.2 Factors Affecting Repository Costs

The assumptions used for key repository design parameters vary
widely in the studies (34, 47, 48, 57-60). Choice of emplacement media,
thermal loading limits, and repository underground size all influence reposi-
tory costs significantly. The following discusses each of these in turn to
highlight their effects on repository costs.

Tables III-3 through III-5 present representative . repository

costs as functions of emplacement media, thermal loadings, and repository
underground size. These costs do not include spent fuel packaging facility
costs, which are shown in Table III-6. Values for these parameters are iden-
tified along with . capacities and operational periods _ associated with the
ostimates . To aid the discussion, undiscounted unit costs are presented,
representing the quotient of total cost divided by total receipts, expressed
in dollars per kilogram of heavy metal. This figure, although useful to show
comparative costs, is not the same as the component which would be included-in
a charge for storage and disposal of spent fuel, as no discounting or

-estimates of future inflation are included.

.
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III.E.3.2.1 Alternative Geologic Media

The choice of geologic medium influences costs. Although salt
has been the. principal focus for most past cost studies, two studies (34, 59)
also assess basalt, granite, and shale repositories. Table III-3 presents

illustrative . cost figures for repositories in dome salt, bedded salt, basalt,
and granite. These figures assume that repository thermal loading limits are
constant at 40 kW/ acre. In actual practice, determination of thermal loading
limits will be based on site-specific conditions and n.ay well be higher than
the limit assumed here. Additionally, repository size is fixed at 2,000 acres
for the estimates in Table III-3. This limit- is also site-specific.

With the exception of dome salt, little variation is seen in

costs for design and construction. The higher cost in dome salt is attribut-
able to possible increases in expenses for sinking shafts and constructing
f acility foundations in sites that may have complex hydrology and unconsoli-
dated and saturated sediments. Current siting programs consider these
possibilities in site evaluations with the intent of avoiding such conditions
where possible. '

Basalt and granite show clear increases in operating cost,

which indicates the increased difficulty of excavation in hard rock media.

III.E.3.2.2 Thermal Loading Criteria
.

Thermal loading criteria' affect repository capacity and there-
fore directly influence both repository total costs and undiscounted unit

costs ($/kg). Many possible physical limits affect thermal loading criteria,
and the controlling limit for each medium is still under . study. Retriev-

|
ability requirements can also'strongly affect- themal loading criteria.

Table III-4 gives representative. cost figures for basalt and -
granite repositories for each of two thermal loadings. Reduction in thermal

; loading can be seen to have a' substantial effect -on operating costs- This.

'
effect results- from a decrease in total waste receipts that can- be accomo-

dated -within a fixed repository : size, thus d,W6,y; sing expenditures for

III '74

_ _ _ _ . . .



. _ . . _ _ _ . = _ _ _ _

i

handling of waste and excavation. Undiscounted unit costs . increase sharply,
however, indicating that the total cost reductions achieved are not in propor-
tion to the decrease in waste receipts.

Table III-3. Estimated Repository Costs for Various Geologic Media

Standardized Repository

Dome Bedded
Cost Item Salt Salt Basalt Granite

Design and construction (M$) 1,210 950 930 920

Replacement capital equipment (M$) 50 50 100 100

Operating cost fixed (M$) 140 130 250 250

Operating cost variable (M$) 960 890 1,710 1,700

Operating cost total (M$) 1,100 1,020 1,960 1,950

Decomissioning cost (M$) 130 150 160 160

Total (M$) 2,490 2,170 3,150 3,130
Characteristics

Heat loading kW/ acre (design) 40 40 40 40

Canisters of spent fuel stored 160,000 160,000 160,000 160,000
.

MTU stored 68,000 68,000 68,000 68,000

Repository area (acres) 2,000 2,000 2,000 2,000

MTU/ acre 34 34 34 34

Canisters / acre 80 80 80 80

Years of operation 14.9 14.9 14.9 14.9
Undiscounted unit cost ($/kg) 36.60 31.90 46.30 46.00

aAll costs in 1980 dollars, unescalated, undiscounted.
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III.E.3.2.3 Repository Size

The size of a repository site controls the ultimate capacity of
the repository in terms of waste emplaced. For some types of sites, e.g.,

salt domes, size is limited by the nature of the specific geology. Since

larger sites can- receive more spent fuel, total operating costs will generally
increase due to greater quantities of receipts and longer periods of opera-
tion. The converse of this statement is also true, unless size is sufficient-
ly small to require the use of different techniques for excavation. Previous
studies (47, 48, 57) have noted that a large site allows .the development of
mine layouts based on extremely long rooms that can be efficiently produced by
high-production-rate mining equipment. Smaller sites are. developed with

Table III-4. Estimated Repository Costs
for Varying Thermal Loadings

Basalt Granite

Cost Item 100 kW/ acre 40 kW/ acre 100 kW/ acre 40 kW/ acre
Design and construction (M$) 930 930 920 920

Replacement capital equipment (M$) 120 100 120 100

Operating cost fixed (M$) 350 250 350 250

Operating cost variable (M$) 2,390 1,710 2,390 1,700

Operating cost total (M$) 2,740 1,960 2,740 1,950

Deconsnissioning cost (M$) 160 160 160 160

Total (M$) 3,950 3.150 3,940 3,130,

Characteristics
Canisters of spent fuel stored 400,000 160,000 400,000 160,000
MTV stored 170,000 68,000 170,000 '68,000
Repository area (acres) 2,000 2,000 2,000 2,000

MTU/ acre 85 34 85 34

Canisters / acre 200 80 200 80-

' Years of operation 32 14.9 32 14.9

| 'Undiscounted unit cost ($/kg)- 23.20 46.30 23.20 46.00
|

aAll costs in 1980 dollars,'unescalated, undiscounted.
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shorter rooms, thus requiring more frequent setup times for mining equipment;
consequently reductions in operating costs do not occur.

Table III-5 gives representative costs for three salt domes of
differing size. Both effects discussed above can be seen in the results.
Total cost decreases as dome size decreases from 2,800 acres to 2,000 acres,
but then total operating costs remain constant in going from 2,000 acres to
1,200 acres because of the need for different mining approaches.

Ta= e III-5 also shows that undiscounted unit costs decrease as
size increases. This result is attributable to the fact that capital con-

struction and decommissioning costs are relatively insensitive to reposito' yr
size, and thus are prorated over a larger amount of receipts as the repository -
size increases.

Table III-5. Effects of Size on Salt Dome Repository Costs

Standardized Repository
,

1,200 Acre 2,000 Acre 2,800 Acre
Cost Item Repository Repository Repository

05 sign and construction (M$) 1,190 1,210 1,240
.

Replacement capital equipment (M$) 50 50 70

Operating cost fixed (MS) 140 140 170

Operating cost variable (M$) 960 960 1,240
,

Operating cost total (M$) 1,100 1,100 1,410 ,

Decommissioning cost (MS) 130 130 130

Total (M$) 2,470 2,490 2,850-
Characteristics

Assumed heat loading kW/ acre 40 40 40 i

Canisters of spent fuel stored 96,000 160,000 224,000

MTU stored 41,000 68,000 96,000

MTU/ acre 34 34 34

Canisters / acre 80 80 80

Years of operation 10.4 14.9 19.5-

Undiscounted unit costs ($/kg) 60.20 36.60 29.70

.

aAll costs in 1980 dollars, unescalated, undiscounted.
.
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: III .E . 3.3 Comparison with Previous Cost Data

For repositories receiving spent . fuel in salt formations, total
costs (design and construction, operations, and decommissioning) have been
previously reported (34, 48, 57) that range from $1.56 billion to $1.92

billion (1978 dollars). Costs reported herein range from $2.17 billion to |

$2.85 billion, about 40% greater, on the average. The bulk of this increase I

is associated with escalation to current (1980) dollars. An . increment of
about 10% is attributable to the use in this discussion of thermal loadings ;

lower than those generally used previously, and also the inclusion of cost,

data for small salt domes. Generally speaking, for constant dollar estimates, H|
agreement is good for salt repositories, i.e. well within the stated

| accuracies.
For repositories in granite and basalt, previously reported

costs (34) are $4.96 billion and $5.49 billion, respectively (1978 dollars).
These are substantially larger costs than those discussed here. The principal
difference is in the amount of excavation assmed. Estimates presented herein
are based on standardized mine layouts including substantially less rock
removal than those presented in EIS-0046-0 (34). Excavet% of these rock ;

types is more expensive on a unit basis than excavation of salt. I

I III.E.4 Cost of Packaging / Encapsulation Facilities
!

l
( A facility to. encapsulate spent fuel has been conceptually ;

designed (61). Additional studies of packaging / encapsulation facilities have i

also been made (34, 58). For the purposes of this discussion, the facilities
-

described in the . conceptual design document (61) are assmed to be located .at
the repository site. For, the repositories listed in Table III-3, an estimate

i

f

has been _ produced that scales packaging facilities to match the requirements'

of the repository. This estimate is summarized in Table III-6.

A

k
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The facilities in the conceptual _ design report (61) prepare
spent fuel packages that consist of intact spent fuel assemblies inside a mild
steel, gas-filled canister. Subsequent research ' programs may indicate that
more complex packaging may be required to achieve sufficient containment of
radionuclides. Recent studies (62) have addressed a variety of potential
package components and packaging processes. Substantial variations in pack-
aging facility costs (perhaps as much as a factor of two) may be encountered
in the event alternative package configurations are selected.

Table III-6. Representative Packaging / Encapsulation Facili_ty Costa
for 2,000-Acre Repository Loaded With 40 kW/ Acre

Cost
Cost Item ($ Millions)

Capital line item cost (M$) 460.
Capital equipment (M$) 70_

Operating cost, fixed (M$) 360 l

Operating cost, variable (M$) 1,010
Operating cost, total (M$) 1,370
Decomissioning costs (M$) 4_0

Total (M$) 1,940 .

Characteristics
Canisters processed 160,000
MTU processed 68,000

-Years of operation 14.9
Undiscounted unit cost.($/kg) 28.52

aAll costs in 1980 dollars, unescalated, undiscounted.
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III.F- SUMMARY OF SCHEDULE AND COST FACTORS FOR MINED
GE0 LOGIC DISPOSAL

III.F.1 Introduction

This chapter incorporates the conclusions of the preceding
sections and presents an integrated overview of the schedule for a mined
geologic repository and the level of confidence in proposed schedules and

-costs.

III.F.2 Factors

This section provides an integrated overview of the schedule
for a geologic repository. Two schedules previously presented in Chapter
III.C are repeated here. The reference schedule, Figure III-2, delineates
those milestones deemed achievable in a reasonable time under present program

policies. The extended schedule, Figure III-3, delineates those milestones
that might occur if the amount of data required to support a license applica-
tion increase and/or review periods were to become longer than expected. The
second schedule also allows for delays in licensing and construction.

III.F.2.1 Integrated Time Line

Figure III-2 is an integrated time line diagram of the.

activities leading to the operation of a geologic repository. The critical
path to operation of a geologic repository is illustrated by solid lines. .The
critical path follows those essential activities that must be performed in
series and therefore define the time interval to the operational date. The

critical path consists of the following activities, listed in order of their
occurrence:

,
1. Multiple site characterization.
2. Site selection.
3. Licensing review to support a construction authorization.
4. Repository construction and checkout (preoperational tests).

!
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The duration of each activity is estimated using reasonably achievable goals.
A range of durations for construction is presented to cover the variation in
time required for construction of repositories in different media. The opera-
tional date is determined by summing these , durations.

Current planning for the reference case is that the site recom-
mendation report (SRR) for the initial repository will propose one of four sr-
five previously banked sites for license application in December 1985 (see
Figure III-2, line 9). If more site exploration and evaluation is roquired
than is now anticipated, the extended case would assume that this milestone
would be delayed an additional 40 months and would occur in June 1989 (see
Figure III-3, line 9). Table III-7 lists the time estimates for the remaining
activities.

Table I_II-7. Durations of Activities Following Issuance of Site
Recomendation Report

Duration, months
Activity Reference Extended

(Site Recommendation Report Date) (12/85) (S/89)
Site Selection Decision 15 18

Application Preparation 6 12

Regulatory Review 48 60

Construction (depends upon mineral- 63-96 75-108
type selected)

;
Checkout Tests 6 9 l

Total 138-171 174-207 |

(First reposito.y operation date) (1997-2000) (2004-2006)

j

III - 85'

_



5

On' the basis of these estimates and Site Recommendation Report

dates of December 1985 and June 1989, a range of possible dates for opera-
tional startup of the first geologic repository is 1997-2006.

III.F.2.2 Technical and Social Aspects

Confidence in the schedule can be exam'ned in view of technical
considerations and social aspects.

III.F.2.2.1 Technical Considerations

The preceding section demonstrated that, with reasonable ranges
of estimates for various activities in the schedule, a repository can be in

operation between 1997-2000, depending upon the exact mineral ~ type in which

the repository is -constructed. By considering possible delays in various
steps in the process, it is further shown that such delays would not result in
repository operation any later than 2004-2006; again, depending upon the exact
mineral type chosen.

Chapter II.E concludes that anticipated technical problems can
be resolved through carefully planned programs; application of the engineered
barrier approach; comprehensive safety assessment modeling; and a program of
field, laboratory, and in situ testing.

The present strategy for banking candidate sites provides for
selection and licensing of proposed sites on a 3 year cycle, as needed. After
a few years, multiple repositories' will- be under construction simultaneously.
Therefore, if some unforeseen circumstance related to specific situ rock
type, or technical concept that might cause abandonment of the site were to

|
arise during construction or operation of the first repository, little delay

| would result, as other repositories would be available to receive waste in
approximately 3 years. However, each such circumstance would be analyzed in
detail and alternatives fully evaluated before such an action would be taken.

From these plans, approaches, and schedules it is evident that,
from a technical standpoint, a repository can be constructed wit!in a reason-'

able time.
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III.F.2.2.2 Social Concerns
4

Because social concerns are less easily predicted, less
confidence can be placed in assessment of their impacts on the repository
program. Nonetheless, there is growing public recognition that nuclear waste
management is a national problem and that solution of the problem should not
be postponed for future generations. For example, the attention focused upon
the need for additional low-level waste burial grounds, raised by the actions
of authorities in the States of South Carolina, Washington, and Nevada, has
resulted in active efforts by other States to address such problems. This

developing national awareness also is reflected in the recent statement by the
President which was based on the recomendations in the IRG report. The

President confirmed the lead responsibility of the Department for coordinating
waste management activities within the Federal structure. The result is a

rapidly evolving nuclear waste disposal program with a broad scientific base.
Included in the program are measures to allow for open interaction with the
concerned public.

The continuing implementation of the Department's policy of
consultation and concurrence and implementation of the Department's NEPA
guidelines build confidence that the schedules provide for adequately address-
ing social concerns.

III.F.3 Ranges of Cost

The actual design, construction, and operating costs of any
particular geologic repository will be based on a variety of factors, such as

1. Repository site conditions.
2. Repository media.
3. Repository size.
4. Nature of waste types received. '

5. Operating period.

The range of variations in each of these factors could be substantial.
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In past studies, the Department has considered the variations
in these factors. Conceptual design activities have been conducted based on'

different fuel cycles and for differing site conditions. Feasibility studies

(34) have examined the range of costs that accrue due to variations in geo-
-

logic settings. Variations in repository size have been addressed in studies
,

supporting the setting of spent fuel disposal charges to utilities. In addi-
tion, recent cost reconciliation studies (48) have allowed comparisons . of

! differing estimates, with the conclusion that the ranges in estimates are
reasonable and proper. Current estimates are considered to have an accuracy

within 30%.
Deliberations of the International Nuclear Fuel Cycle _ Evalua-

tion (INFCE) working group on nuclear waste management have concluded that the
overall costs of waste management are small in relation to the total cost of
electric power to the constsner, and a-e not sufficiently different between

! fuel cycles to allow preferential selection of one fuel cycle over another on

( economic grounds. (63). The INFCE. report was reviewed carefully by technical
experts from several nations who participated in the INFCE Working Group on
waste management.

,

The magnitude, breadth, and depth of cost analyses performed
for conceptual geologic waste repositories, coupled with conservative s:hedu-
ling, provide a basis for confidence in the range of anticipated costs f ar the
first repository.
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IV TECHNICAL BASIS FOR CONFIDENCE THAT SPENT FUEL CAN BE
STORED IN A SAFE AND ENVIRONMENTALLY ACCEPTABLE MANNER

-UNTIL' DISPOSAL FACILITIES ARE AVAILABLE

Previous - parts have discussed the . ultimate disposal of spent
fuel in geologic repositories and have forecast the probable time of avail-
ability of these facilities. Until that time, spent fuel will be stored at

reactor f acilities and, to the extent necessary, at away-from-reactor (AFR)
facilities. This -part - discusses the technical basis which establishes that
spent fuel can be stored until disposal facilities are available. Considered

herein are the performance requirements for spent fuel storage facilities, the
options available for storage, how safe and environmentally acceptable storage
will be achieved, and the experience which supports the conclusion that ex-
tended storage can be achieved in a safe and environmentally acceptable manner.

This part first outlines the generic performance requirements
for the storage of spent fuel (IV.A). These requirements have been derived

largely from existing regulatory criteria. Using these requirements as bench-

marks, the statement examines water pool storage and the various methods of
dry storage and concludes that at the present time, water pool storage should
remain the preferred method of storage, though dry storage is being demon-
strated and appears to be a technically viable alternative (IV.8). Upon con-

cluding that water pool storage is the preferred method of storage, the spe-
cific requirements for water pool storage are discussed. These requirements |
are primarily based upon regulatory and industry-developed standards (IV.C).

This part also demonstrates that safe and environmentally
acceptable extended storage can be achieved (IV.D). Water pool storage asso-
ciated with nuclear facilities has been licensed in the past, and the techno-

! logy is available to meet regulatory requirements. It is concluded, in the

j words of the Nuclear-Regulatory Commission's final GEIS on Handling and Stor-

| age of Spent LWR Fuel, that (1)

The storage of LWR spent fuel in -water pools has an -
insignificant impact on. the environment, whether such
pools are at reactor ' sites or away therefrom -. .:.

The technology of water pool storage is .well devel--

oped. . . radioactive waste that is generated is.

readily confined and presents little ' potential hazard
to the health and safety of the public.
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IV.A HIGH-LEVEL WASTE STORAGE SYSTEM OBJECTIVES

The primary objective of spent-fuel management is that spent-
fuel be stored in a--safe, economical, and environmentally accepteule manner
until it is transferred to a repository for ultimate disposal. This may be
accomplished in storage facilities at the reactor, in storage facilities

located away from the reactor, or by a combination thereof. - The extensive
prior spent-fuel storage experience, monitoring programs to confirm the con-
tinuing integrity of fuel in storage, and the development and availability of

~

additional storage options, demonstrate that interim storage can be provided
for as long as may be necessary.

The goals for a successful spent-fuel storage program may be
expressed in terms of the performance ~ requirements which must be met by the
storage facilities and the period of time during whicn such storage must be
available. These are discussed in the following paragraphs.

IV.A.1 Generic Performance Requ waments for Safe and
Environmentally Acceptable Storage of Spent Fuel

A spent-fuel storage facility must be constructed and operated
in such a manner to ensure that certain generic performance requirements are
met. These requirements follow from regulations of the - Nuclear Regulatory
Commission (NRC) which pertain to nuclear facilities, and they are amplified
in a number of regulatory guides and industry standards. Most of the NRC
requirements have been promulgated in final rules. The regulatory require-
ments relating to storage are thus more fully developed than those for dispos-
al. The principal considerations are sumarized in the following paragraphs.

IV.A.1.1 Release Limits.

The release of radionuclides to the environment during the
course of normal operations (in airborne, liquid- effluent, and contamination-

| forms) must be maintained below the' limits established in 10 CFR 20 (2)- for-

! nuclear operations. 10 CFR 20 sets forth 'the Nuclear Regulatory Commission
-

,
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- standards for protection against radiation. It specifies allowable contamina-
tion levels in facilities and in the environment around the site, allowable

release level. for radioactive materials from the facility, and allowable

radiation exposures to facility employees and the public as a result of facil-
ity - activi ties. Supplementing the specific values set forth in 10 CFR 20,
10 CFR 20.1 requires licensees to limit releases and exposures to "as low as
reasonably achievable"--the ALARA standard.

IV.A.1.2 Radiation Exposure

Exposure of individuals to radiation must be maintained below
the limits set forth in 10 CFR 20 (2).

IV.A.1.3 Accidents

The facility must be designed to minimize the possibility of

the following types of occurrences during the operation of spent-fuel storage
facilities:

1. Criticality.

2. Loss of shielding and/or complete loss of cooling
capability.

3. Damage to stored fuel caused by the dropping of
heavy objects.

4. Multiple massive ruptures to spent fuel by torna-
do missiles.

Safety features must be provided to limit the consequences in the remote event
that there should be such an occurrence.

The release of radionuclides to the environment during credible
accident or abnormal operation sequences, and during the course of catastroph-
ic events of natural phenomena, must be maintained below the guideline values

set forth in 10 CFR 100 (3). (See II.F.2.5.) Nuclear Regulatory Commission
regulation 10 CFR 100 prescribes the criteria for evaluation of prospective
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sites for nuclear facilities, among which are guideline values for releases of
radioactive materials during ' accident situations at operating facilities.
Dose guidelines for the accident situation are also specified in the Commis-
sion's proposed regulation (10 CFR 72.67(b)) covering independent fuel storage

installations (4). If adopted as presently written, the guideline value of 10.

CFR 72.67(b) will impose a . substantially more conservative requirement on
independent spent-fuel storage installations than is imposed on reactor and
fuel reprocessing facilities.

IV.A.2 Period of Storage

The Department has concluded that a repository should be avail-
able for use in the 1997-2006 time period, depending on the geologic media
selected (see Figui as III-2, III-3) ., Even with these prospective dates of
availability of a spent-fuel repository, it is prudent to design and construct
spent-fuel storage -facilities such that they can provide safe storage for a
period of 40 years or more. Although experience with the water pool storage
mode indicates that longer periods of ' safe storage are feasible (see IV.D.4),
the 40-year goal for AFR storage capability is suggested on the bases that (i)
it would be expected that spent fuel accumulated in reactor pools would, . tc
the maximum extent practicable, be transferred directly to the repository
rather than from reactor to AFR to repository; (ii) projected reception rates
for the repository indicate that transfer of the backlog of spent fuel from
reactors can be expected to take place over a number of years af ter activation
of the repository; and (iii) 40-year storage capability provides the flexi-

| bility to deal with unanticipated delays in transfers of fuel to thej

repository.

(

|

I
i

.
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IV.B ALTERNATIVES AND PREFERRED METHOD FOR STORAGE

There are two basic methods available for storage of spent
fuel--water-pool storage and dry storage, which may be provided in more than
one way. The Department and most utilities have concluded that water pool
storage is the preferred method of interim. storage; and, in fact, water pool

i

facilities must be used by utilities to receive fuel freshly discharged from 1

light-water reactors because of the high thermal output of these assemblies
(see Table IV-1). This section briefly describes the various types of storage
methods available and explains the rationale behind Ehe choice of water pool
storage as the preferred method.

Table IV-1. Representative Thermal Power and Radioactivity Levels of Spent
Nuclear Fuel From a Light Water Reactor

Approximate Thermal Power Approximate Radioactivity
Time from Discharge of Spent Fuelb Levels of Spent Fuel
from Reactor (years)a (watts /MTU) (Ci/MTU)

At Discharge 1,700,000 1.43 x 108
0.5 16,700 4.2 x 106
1 10,200 2.5 x 106

10 1,200 4.0 x 105
30 720 2.0 x 105

aPressurized water reactor, burnup--33,000 mwd /MTU.
1

bMTU = metric tons of uranium in the unirradiated fuel charged'to the reactor. i

Source: Adapted from Table II-4 in Chapter II.C.
.

In any method of spent-fuel stcrage, the basic functions of the
f acilities required are these:

Removal of heat from the fuel--to carry away the heat
produced by radioactive decay of the fission products
and +ransuranium elements (such as- plutonium and

i amer k !vm) .
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Radiation shielding --to maintain acceptably low
levels of radiation in working areas.

Containment of radioactive materials--to prevent the
escape of radioactive materials into working areas
and the general environment.

Heat removal is effected by use of a cooling medium, such as
water or air. Radiation shielding is accomplished by storing the fuel under
an appropriate' depth of water or by containing the fuel in a cavity surrounded

~

by solid material (such as concrete or earth) sufficiently thick to prevent
significant levels of radiation from penetrating it. -Containment is 'accom-
plished by storing the fuel under water, in a vault, or in a container which
prevents the release of . significant quantities of radioactive material even
during credible ' accident situations, supplemented, as necessary, by facilities
for removal and recovery of any radioactive materials that escape into the

cooling medium.

Although the generation-of both heat and radioactivity is con-
tinuous, the amount of heat produced and the amount of radiation generated
decrease with time as the decay of the fission products -proceeds. This is
demonstrated by the data set forth in Table IV-l'.

Although both the heat and radiation levels diminish with time,
it is necessary to provide cooling capacity and shielding capable of accomo-
dating the spent ' fuel when it is initially received into the storage ~ faci-
lity. In later years of storage, the cooling capacit'y. is considerably in
excess of that actually needed, but radioactivity levels are still high enough
within the time frame considered likely for-_ interim storage to require a- level
of shielding similar to that required initially. (Although. the radioactivity.
levels decline'with time at about the same rate as the thermal' output, the

! drop'in shielding requirement 'is'not linear'.) It is exp'ected that.most of the-
~

spent fuel which is destined for storage in- an AFR storage _ facility will have
been 'in the reactor storage pool for at least 5 years prior. to transfer to the-
AFR' storage facility.

,

~
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IV.B.1 Alternative Storage Methods -

Spent fuel can be stored by either of ~ two basic methods--wet
storage or dry storage'. The following paragraphs describe the alternatives
available for spent-fuel storage and the method currently preferred for spent j

ligh*; water reactor (LWR) fuel. j

IV.B.1.1 Water Pool Storage

IV.B.1.1.1 Description of Water Pool Storage

Water pool storage consists of storing spent fuel in racks
generally positioned at the base of a pool of water. The water serves as a
heat transfer agent to remove the heat from the stored fuel and also provides
radiation shielding; the water depth above the stored fuel is sufficient to
prevent the escape of any significant amount of radiation therefrom (about
11-13 f t of water above the top of the stored assemblies). The principal
source of radioactive contamination in reactor storage pools comes from mixing
of reactor coolant with storage pool water during spent fuel transfers. Some

contamination is on the fuel in the form of activated corrosion products from

the reactor primary coolant system. In the storage pool, some radioactive -
contamination (primarily cesium, cobalt, and strontium) of the pool water
results from the leaching of this surface contamination (called " crud") from
the assemblies and from leakage from damaged fuel assemblies, although the
latter source has been found to be a very minor 'one (see IV.D.4.2). Buildup

of radioactivity levels in the pool water = is prevented- by. continuously with-
drawing a portion of the water and circulating it through-a purification sys-
tem which removes the radioactive contamination by a combination of filtering
and ion exchange. -The heat which has been added to the water by radioactive j
decay in the fuel- is removed 'by passing this same sidestream of. pool water
through a cooler ;(" heat exchanger") before returning it to the pool. The

purpose of this . treatment is twofold: to ensure that high water _ quality is- !;_

maintained in the pool and to maintain the temperature of the . pool at pre-
scribed levels,

a

.
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The water pool used for storage generally consists of a thick
reinforced concrete structure that is lined with stainless steel. The spent
fuel assemblies are stored by positioning them in basket-type canisters in
storage racks which are mounted to the base of the pool. The racks provide
for a positive spacing between stored fuel assemblies to prevent criticality.
If stainless steel is used as the basket or rack material, spacing can be
relatively close, as stainless steel is a neutron absorber._ Additional reduc-

tion in spacing can be achieved by introducing a stronger neutron absorber
such as boron in the structure of the racks or storage baskets while maintain-
ing the required margins of criticality safety.

If damaged fuel is received for storage, or if fuel should lose
its containment integrity through damage during storage, such fuel may be
encapsulated in a metal container and the container stored in the manner des-
cribed.

Figure IV-1 diagrams the basic operations involved in water
pool storage of spent fuel; the arrows illustrate the movement of elements

within the system.
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In addition to the basic features of a water pool storage faci-
lity, as described above, the storage facility generally provides for the
following operations and services:

1. Cask washdown, cooling, unloading, and decontamination.

2. Radioactive waste processing and storage.

3. Utilities and services.
4. Heating and ventilating.
5. Maintenance.

6. Fuel encapsulation.

7. Decontamination.
8. Health physics.

9. Laboratory.
10. Personnel and administration.

In cases where the storage facility is colocated with other nuclear activities
(such as a nuclear power plant), some of the listed auxiliary and support
facilities will be common to the other operations at the site.

IV.B.1.1.2 Experience with Water Pool Storage

Water pool storage of spent fuel (and other high?y radioactive
items) has been practiced in the United States for more than 30 years; the
knowledge gained as a result of this experience is discussed in 11.D.4. The

knowledge and experience gained in the operation of fuel storage i.ools have
been utilized both by the Department of Energy and -industry in a number of
aifferent designs for water pool facilities of varying capacities, ranging

from a few hundred tons to 10,000 tons of spent fuel (5-9). Modular design

concepts for AFR storage pools have been developed which permit addition of
capacity to a basic pool in increments of a few hundred tons of spent fuel
(10).

All existing and planned water'-cooled reactors, both United

States and foreign,. have provisions at the reactor , site for the water ' pool
storage' of ' spent fuel . Table IV-2 sets .forth the number of power stations
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.that have provisions for water pool storage (11). The data in Table IV-2
testify to the general acceptance of this method of spent fuel storage and to
the scope of experience which is accumulating. Although the operational con-
cept of at-reactor storage of spent fuel initially envisioned relatively

short-term (i.e., 6-12 months) storage at the reactor, during the past 7 years
increasing attention has te given to the prospects af much longer storage
times, as a result of uncertainties in the "back end" (closing) of the fuel
cycle.*

A large number of the United States nuclear power reactors have
for this reason either increased their pool capacity or are now in the process
of expansion (12-14). Increase in pool capacity at existing reactors is most
frequently accomplished by increasing the storage density; this may be done by
replacing aluminum racks with stainless steel or by adding neutron-absorbing
curtains between fuel positions to reduce ' neutron interaction. As more pre-

cise nuclear criticality computations have become available, it has been pos-
sible to design for somewhat closer spacing than was permitted in the original
installations, thus affording some gain in capacity. In some instances, addi-
tional capacity has been achieved by installation of storage racks in portions
of the storage pool which were not previously occupied by such racks. Re-

actors in design or under construction are expanding the size and capacity of
their spent fuel pools where such can conveniently-be done.

There has also been significant experience developed in regard
to pool storage of DOE and commercial spent-fuel ' assemblies at reprocessing
sites. Typical of United States off-reactor site pool storage 'are the' opera-

| tions shown in Table IV-3.
In addition, there are a number sr foreign reprocessing facil-

ities which have' a spent-fuel storage - capability including, but not limited
to, those in the United Kingdom, France,- West Germany, Belgium, Italy, Japan,
India, and Canada. Zircaloy-clad spent fuel from a Canadian -test reactor

(NPD) has been stored-in a water pool for 16 years at the Chalk River Nuclear
Laboratories-(15).
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I Table IV-2. Reactors with Water Storage Pools for Spent
Fuel Storage

Number in
Nuclear Power Stations United States N_ umber of Foreign ;

Licensed for comercial operationa 70 138b

Under construction 90c,d 166d

aIncludes two reactors not formally licensed and three which are shut down
at present.

bThese figures include ~ some gas cooled reactors and advanced gas reactors
that use water pool storage.

cAn additional 27 reactors are on order in the United States, but not yet
under construction.

d oes not include reactors with indefinite schedules.D

Source: (Reference 11) American Nuclear Society, "World _ List of Nuclear
Power Plants," Nuclear News, 23, No. 2, pp. 67 ff, February 1980.

Table IV-3. Spent Fuel Storage Experience in Water Pools
at Storage Facilities in the United States

Facility Operation From To

Hanford Works (DOE) Storage of DOE spent fuel 1945 Present

Idaho National Engineering
Laboratory (INEL):

F .mical Processing Plant Storage of DOE spent fuel 1953 Present

Expended Core Facility Storage and examination |
of DOE spent fuel 1959 Present

Savannah River Plant (DOE) Storage of DOE spent fuel 1953 Present

NFS-West Valley Storage of commercial
spent fuel 1966 Present

MFRP-GE-Morris Storage of commercial
spent fuel 1972 Present
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-IV.B.1.2 Dry Storage in Vaults

IV.B.1.2.1 Description of Dry Vault Storace

Dry storage of spent fuel in vaults consists of storing the
spent fuel in racks or on hangers, in air, inside a concrete vault structure
or storage in cavities in a monolithic concrete structure. Forced-air circu-
lation or passive natural draft is used to cool the stored fuel while the
reinforced concrete structures provide the necessary radiation shielding.~

Cooling air is filtered through high efficiency filters and is monitored prior
,

to release to the atmosphere. While spent fuel could be stored in either the
encapsulated or unencapsulated form, the former has been favored because of
the reduced air treatment facilities and operations that are required.

Figure IV-2 diagrams the basic operations involved in dry vault
storage of spent fuel.

In addition to the basic features of the storage system des-
cribed above, the storage facility generally has the same types of auxiliary
and support facilities described for water. pool storage except that the fuel
encapsulation facilities may be more extensive.

;

IV.B.1.2.2 Experience with Dry Vault Storage . , . ,,

In the United States, experience with . dry vault storage in-
cludes the handling and storage of graphite-based fuel from nuclear rocket
research and development programs, which was temporarily placed in dry storage
at the Nevada Test Site before transfer to a specially designed dry storage
vault at the Department of Energy's Idaho Nuclear Engineering Laboratory
(INEL), and the storage of high-temperature, gas-cooled reactor (HTGR) fuel at

reactor sites. Though the former fuel is very low exposure fuel which does
not present the same heat removal . problems as would higher exposure power
reactor fuel, the dry handling and storing techniques have been demonstrated.

The dry vault storage experience gained has not involved spent
fuel that is typical of that discharged from commercial light-water reactors;
still, the basic principles of heat transfer and shielding in dry storage have

IV - 12
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been demonstrated during these activities and provide important basic design
information which would be necessary for the design and construction of such
dry storage facilities for spent LWR fuel. LWR fuels would, in fact, be more
casily handled in dry storage than the graphite fuels, which tequire the ex-
clusion of moisture. Typical of U.S. operations involving dry storage of
spent fuel are those in Table IV-4.

Moreover, the proposed HTGR plants designated as the Fulton
Station (16) and the Summit Station (17) were designed for dry storage of
spent fuel; and nine gas-cooled reactor stations are utilizing dry storage of
spent fuel in foreign countries. This indicates the availability of adequate
engine.ering design information for such facilities.
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Figure IV-2. Basic Operations of Dry Vault Storage of Spent Fuel
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Table IV-4. Spent Fuel Storage Experience With Dry Vault Storage
in the United States

Facility Operation From H
Peach Bottom la Power reactor 1967 1974

.

Idaho National Engineering Spent fuel storage--GCR
Laboratoryb and Rover /NERVA fuel 1969 Present

Fort St. Vrainc Power reactor 1977 Present

Engine Maintenance and Research and development 1979 Present
Disassembl
Facility (yEMAD)d

Sources:
a(Reference 18) U.S. Nuclear Regulatory Commission, Facilities License
Application Record, License Docket 50-171

,

b(Reference 19) U.S. Energy Research & Development Administration, Waste
Management Operations, Idaho National Engineering Laboratory, ERDA-Ibde,-

!

I September 1977
!

(Reference 20) W. Hammond, R. P' Pool, and R.D. Modrow, Safety Analysis, Peach
Bottom Spent Fuel Storage IN-1465, Idaho National Engineering Laboratory,
Idaho Falls, ID

(Reference 21) U.S. Energy Research and Development Administration, Environ-
mental Impact Statement-Receipt, Storage, and Processing of Rover Fuel, WASH
1512, April 1972

c(Reference 22) U.S. Nuclear Regulatory Commission, Facilitiies License Ap-
plication Record, License Docket 50-267

(Reference 23) U.S. Energy Research and Development Administration, Environ-
mental Statement-HTGR Fuels Reprocessing Facilities, National Reactor Testing
Station, WASH-1534, January 1974

d(Reference 24) R.J. Steffen, D. Ourrill, and J.B. Wright, "EMAD Support of
NWTS Experiments and Demonstrations", Proceedings of the National Waste Ter-
minal Storage Program Information Meeting, ONWI-62, Battelle Memorial Insti-
tute), Columbus, OH, October 19/9
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IV.B.1.3 Dry Storage in Caissons Below Grade

| IV.B.1.3.1 Description of Caisson Storage

i

Another method for storing of spent fuel under development and
study consists of storing encapsulated fuel in suitably designed caissons.
The caissons consist of steel sleeves with a grout plug at the base, which are
buried in the ground and are sealed with thick concrete plugs. The spent fuel
is encapsulated in a steel container, the encapsulated fuel is placed in the
caisson, and the plug is inserted to seal the capsule therein. The depth from
the surf ace to the top of the fuel is 8-10 ft. The caissons are located suf-
ficiently f ar apart to eliminate the need for any active cooling system, inas-
much a, the spacing allows for heat removal to the air via the surrounding
ground. The concrete plug and the caisson / ground combination provide the
necessary radiation shielding. Figure IV-3 diagrams the storage of spent fuel
in a below-ground caisson.
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Figure IV-3. Below-Ground Caisson Storage of Spent Fuel
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j In addition to the caisson storage system, the storage facility
i generally has the same types of auxiliary and support facilities as those

described for water pool storage except that (i) the fuel encapsulation facil-
ities are more extensive, inasmuch as it is necessary to encapsulate all spent
fuel prior to storage, and (ii) caisson and canister maintenance facilities
are required.

IV.B.1.3.2 Experience with Caisson Storage

,

Storage of spent fuel in caissons below grade is undergoing
tests by the Canadians and has been used on a small scale for interim storage
of Peach Bottom Reactor fuel at INEL since 1970. A number of spent-fuel

assemblies from the Peach Bottom reactor have been stored in 30-in. carbon
steel caissons in the desert soil (20). These fuel assemblies, irradiated to

greater than 26,000 mwd /MTV and 3-5 years out of the reactor, are contained in
aluminum canisters, lata confirming design calculations have been obtained.
Results of the INEL w3rk and of calculations made by Atlantic Richfield Com-
pany (25) in the Unite! States, and by Atomic Enei gy of Canada, Limited (AECL)
in Canada (26), indicate that this method of interim stnrage of spent fuel is
feasible.

In early 1979, a program was initiated at the Engine, Mainte-
nance, Assembly, and Disassembly facility at the Nevada Test Site (NTS) on the
encapsulation and caisson storage of spent LWR fuel, and this program is con-

! tinuing (24).
This program is part of an overall effort under DOE sponsorship

to demonstrate the technology of handling and encapsulating spent fuel, to
obtain design data on spent fuel capsules, storage caissons, and surface stor-
age casks, and finally, to provide encapsulated spent fuel for use in the
geologic storage test program at the NTS Climax Granite Stock. Three PWR

assemblies.were encapsulated and placed in storage in late 1978 and 1979, and
13 more are being encapsulated for the geologic storage tests.
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IV.B.1.4 Dry Storage in Concrete Storage Casks Above Grade

IB.B.1.4.1 Description of Concrete Cask Storage

The concrete cask storage concept differs from both the water
pool concept and the' air-cooled vault concept in that no storage vault is
required; instead, each spent fuel canister is stored outdoors within its own
massive cask and concrete shield, which provide both structural ruggedness for

contamination confinement under all credible accident conditions and natural
forces, and radiation shielding. The concept is similar to the air-cooled

vault concept in that the radioactive decay heat is dissipated by passive

(natural draf t) air cooling, or by radiation of the heat from the outer sur-
face of the concrete cask.

The spent fuel is encapsulated in a heavy steel container; the
canister for storage by radiation cooling typically holds one pressurized
water reactor (PWR) or three b.iling water reactor (BWR) assemblies, and the
canister for storage by natural convection cooling typically holds four PWR or
nine BWR assemblies. Capacity would be dependent on the age and burnup of the
specific fuel to be stored.

Figures IV-4 and IV-5 diagram storage of spent fuel in concrete
storage casks designed for cooling by radiation and by natural convection.

In addition to the concrete cask storage system, the storage
f acility generally has the same types ' of auxiliary and support systems des-
cribed for water pool storage except that (i) the fuel encapsulation. facil-
ities are more extensive inasmuch as it is necessary to encapsulate all fuel

,

prior to storage and (ii) storage cask and canister maintenance facilities are )
Irequired.

IV.B.1.4.2 Experiente with Concrete Cask Storage

.

Long-term dry storage was investigated' extensively in the. United
States as an alternative means for storage of solidified high-level waste, and
the use of concrete casks stored at grade was favored as the system for I

exploitation. Such a storage system could be - used to stor.e spent fuel, and-

r
l<
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indeed, it is essentially the same as the system currently under deteiopment |

by the Canadians. A demonstration program at Whiteshell NNiear r.esearch j
Establishment (27, 28) by Atomic Energy of Canada, Limited, is prescntly being
undertaken to develop concrete casks for ini. Im dry storage o' spent fuel
from the Canadian heavy water-moderated reactors (CANDU fuel), designed to
contain fuel safely for periods of 50 to 100 years without replacement of the
casks. Test canisters and casks have been constructed and are undergoing
d3velopment testing.

As a result of the earlier U.S. work, the Department of Energy
and its contractors have well-developed preliminary designs of systems for dry
storage of encapsulated high-level waste in concrete storage casks (which
function as radiation shields) at grade; an electrically heated test unit

simulating a complete concrete storage cask system has been under test for
several years (29, 30). The technology that has been developed could equally
'be used for temporary storage of encapsulated spent fuel in a similar config-
uration, and a substantial amount of design work has been done on facilit'es
for receiving, handling, encapsulation, and surface storage of spent e'.
assemblies (31, 32). Several types of designs have been evaluated, 'ncluding
both convection cooled casks as well as sealed, conduction / radiation cooled
casks. As was described in IV.B.1.3.2, additional tests of dry storage mod-
ules are currently under way, employing commercial reactor fuel (24).

IV.B.2 Preferred Method for Storage--Water Pool Storage

IV.B.2.1 Summary Status of Storage Options

Water pool storage -is the preferred method of spent-fuel stor-
age for the reasons elaborated in the following paragraph. It is widely em-

ployed, and the ongoing research and development work described in IV.0.4 is
being done to confirm present projections of long-term integrity of the fuel i

in storage (i.e., 50 years or more) and to evaluate the implications of higher
burnup on.the long-term integrity of stored fuel.

The dry storage options (particularly the storage in caissons
brneath grade and surf ace storage in concrete casks) that are being developed !

as alternatives to water pool storage have certain potential advantages in

IV - 19-,
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that they require less complex facilities. In such systems, heat removal from

| the spent fuel would be effected by natural cooling through convection and/or
! radiation, whereas in water pool or dry vault storage the cooling meditsn would

have to be purified on a continuing basis, and the system would include equip-
ment items which would require frequent operational and maintenance attention.

Engineering studies d the dry storage concepts at Hanford
(29-32), the work at EMAD on encapsulation and dry storage (24), and the
results of continuing development work in Co.vda (27, 28) could provide the
basis for qualifying one or both of these options as a second-generation AFR
storage facility if required. In addition, experimental work being conducted
at NTS on storage of fuel assemblies in granite and at Hanford on storage in
basalt will provide additi . .al information to corroborate the heat transfer
models developed for the caisson storage concept.

The research, development, and demonstration activities asso-
ciated with the development of these techniques are primarily directed toward
the development of more passive systems of storage which have low associated
maintenance, with emphasis on refinements of the design of equipment for use
in the system. Low maintenance during storage could be expected to result /in
lower costs for storage over long time periods, if it proves desirable' to
store spent fuel over longer periods.

An International Nuclear Fuel Cycle Evaluation (INFCE) working
group considered the question of interim spent fuel storage, and concluded:

Experience exists with wet storage of LWR and HWR
spent fuel for periods up to 20 years for. low burn-up
fuel. No significant difficulties are expected in
projecting spent fuel behavior in wet storage for
longer storage times and. higher burnups. Storage in
waterfilled pools including the use of compact racks
can be considered a proven technology. Dry storage
techniques are being -investigated as an alternative
for extended interim storage (33).

| IV.B.2.2 Basis of Preference for Water Pool Storage

There are several reasons for~ the preference for water pool

| storage at this time. The fact' that water pool' storage has been used success-
fully on a large scale in the United States for over 30 years is persuasive -

IV - 20

.i
- _ _ _ __



_ _ . - - - -_

evidence that there it m extensive technological base for the design and
operation of this type of facility. This long experience has resulted in
well-developed operating procedures and demonstrated . performance capabili- |

ties. The ability to handle spent fuel safel'y in the water environment is
evident. because no incident involving spent-fuel handling has resulted in
release of radioactivity from a storage facility, and only one of 11 incidents
(worldwide) which had been reported to the International Atomic Energy Agency
(IAEA) as of mid-1976 resulted in significant contamination in the facility ;

itself. In this case, the contamination level was suffit!ently high that it
was necessary to wait several weeks before the fuel handling machine could be
decontaminated. In all other cases, there were no measureable releases of -
radioactivity (34).

Use of water as the storage environment also has several tech-
nical advar.tages:

1. Water has a high cooling efficiency. Water pool
storage of LWR fuel is required in every LWR
f acility because of its high efficiency for the
cooling of spent fuel freshly discharged from the
reactor when the heat removal requirements of
spent-fuel storage are at their maximum.

2. Water is a good radiation shield. Use of water
as the shielding medium is convenient; since
water is transparent, safe handling of the radio-
active fuel is greatly simplified, and the oppor-
tunities for inadvertent overexposure of workers
are reduced.

3. Spent- fuel and water are compatible under much
more rigorous temperature condit'.ons than those
which prevail during storage. Spent fuel is-
removed from a reactor after 3 5 years - exposure
to the reactor environment. Wr.ter 'is used as the
coolant in the reactor. . Durirg the time fuel is
'in the reactor, both the -internal temperature of
the . fuel and the temperaturt of .the surface in
contact with the cooling water are substantially
higher than is the -case with fuel stored in water
pools (see Table IV-8, in IV.D.4).-- Thus .it can
reasonably be expected that. spent fue? ;tored in
water would be essentially . unaffected undse the
conditions prevailing in .the . storage ' pool, espe-
cially after the fuel--has cooled by radioactive.
decay.
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In short, although any of the dry storage techniques described
i., a technically feasible alternative for AFR storage, water pool storage . is
usable . over the entire interim storage period and should offer the lowest
number of licensing problems, due -to the abundance of supporting technical
infonnation which is available, and the prior licensing experience. The pro-

cedural mechanisms for licensing other than water pool facilities are less
;

well developed, due to the smaller amount of background experience which is'

available.

IV.C PERFORMANCE REQUIREMENTS FOR WATER P00L STORAGE

As a result of substantial background of experience with spent-

fuel storage, performance requirements -for storage f acilities have been well
defined, and regulations specifically relating to licensing of independent
storage facilities are in the final stages of formalization. In addition, the

Commission has issued regulatory guides to support the regulations, and indus-
trial standards have been developed to provide specific guidance to designers,
builders, and operators of water pool storage facilities. Thus, the Depart-

ment and/or industry, as applicants, and the Commission are well prepared toi

engage in licensing processes for water pool facilities.

IV.C.1 Design Requirements

The basic design criteria for facilities for the storage of
l spent fuel, whether in water pools or by any of the other techniques described-

in IV.B.1,-include these:

'

1. Barriers to.the release of radioactive materials.

2. Shielding for radiation emanating from spent fuel.

3. Cooling to maintain the spent- fuel at a suffi-
ciently low temperature to prevent degradation of
the fuel cladding thereby minimizing release of
volatile fission products.

4. ' Accident prevention and accident mitigating
systems.
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5. Criticality prevention systems.

6. Systems necessary for efficient operation of the
storage facility.

IV.C.2 Regulations, Standards, and Guides

The standards and codes that are applicable to spent fuel stor-
age facilities employing water pool storage include both government regula-
tions and industry standards. Not only are Federal regulations and guides in
place to cover continued storage of spent fuel, but also industry-generated
standards to amplify these government documents are nearly ready for use.
These are described in the following paragraphs.

IV.C.2.1 Regulations and R0gulatcry Guides

Historically, spent fuel storage installations have been li-
censed as integral parts of either spent fuel reprocessing plants or nuclear
power plants. Such plants have for a number of years been licensed under the
applicable sections of 10 CFR Parts 30 (35), 40 (36), and 70 (37) and under 10
CFR Part 50 (38). Part 50 is the basic regulation governing the design, con-
struction, and operation of complex nuclear facilities such as nuclear power
reactors and irradiated fuel reprocessing plants; Part 70 governs the posses-
sion and use of special nuclear material, while Parts 30 and 40 cover bypro-
duct (i.e., fission products and other radioactive materials resulting from
the fission process) and source material (i.e., natural uranium and thorium).

None of these regulations is completely applicable to licensing
of spent fuel storage facilities when they are separate from either reproces-
sing plants or nuclear power plants, for several reasons. The prospective
duration of storage activity at an AFR is comparable to that at power react-
ors, but the ' requirements of 10 CFR 50 are unnecessarily stringent for an

independent facility storing aged fuel. On the other hand, the quantity of
material likely to ' be stored 'at - an AFR is sufficiently high that the inven-
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tories of radioactive material and special nuclear material far exceed those
in facilities normally licensed under Parts 30 and 70, making a somewhat morA

| rigorous licensing procedure advisable.
The Commission therefore undertook the development of specific

>

regulations and regulatory guides for AFR's when it became apparent that they
were likely to be required. In October 1978, the Commission issued a Notice

of Proposed Rulemaking, proposing a new regulation to _be ide.tified as 10 CFR
72 (4), which would specify procedures and requirements for issuance of lic-
enses to store spent fuel in independent spent-fuel storage installations.
The deadline for receipt of comments on the proposed regulation was set for 4
January 1979. This proposed regulation is specific to AFR storage facilities
and is therefore less rigorous than 10 CFR 50, which applies to all activities
at reactors and reprocessing plants, including the storage of spent fuel at
such facilities.

In December 1978, the Commission issued for public comment
Draf t Regulatory Guide 3.44 to support the proposed 10 CFR 72, and to set
forth the format and content of the safety analysis report to accompany an
application for a license to -construct and operate an independent spent fuel
storage facility (39). As was the case with the proposed regulation, the
guide was restricted in its applicability and covered only AFR storage.

These draft regulations and regulatory guides are in reasonably

[
advanced fonn, because the Commission and its predecessor agency have been
involved in consideration and promulgation of such regulations since 1974--the
year in which the first independent spent fuel storage facility was proposed

!

for consideration. In November 1974, the Atomic Energy Commission issued a

first draft of a regulatory guide for the license application, siting, design,
and plant protection for independent spent fuel storage installations (40)..
This was subsequently issued as a _ formal guide (41). Specific guidance on the

design of spent-fuel storage facilities associated with reactors .is set forth
in Commission Regulatory Guide 1.13 (42), which provides specific requirements
to be met by. at-reactor storage facilities. Because these facilities are
built to general structural design criteria mandated by 10 CFR 50, this regu-
latory guide would not provide sufficient information for the design of an AFR.

IV - 24

___.



The Environmental Protection Agency has enacted regulations,
contained in 40 CFR 190 (43), establishing maximum allowable contributions to
environmental radioactivity from fuel cycle facilities, including spent fuel
storage facilities. These were published in January 1977 and will become
fully effective 1 January 1983.

.

IV.C.2.2 American National Standards Institute Standards

In addition to these Federal regulations and guides, a proposed
American National Standards Institute (ANSI) standard is at present out' for
ballot action. This standard, titled " Design Criteria for an Independent
Spent Fuel Storage Installation (Water Pool Type)" (44), was drawn up by a
standards committee of the American Nuclear Society' (ANS-57.7) comprising a
group of individuals with expertise in the design, construction, and operation
of spent fuel storage pools. This standard provides detailed guidance to the
designer of a spent fuel storage facility in terms of general design guide-
lines appropriate to the hazard presented by the spent fuel, together with
specific design parameters intended to assist in both design and licensing
efforts. It contains req'uirements and recomendations for the design of major
structures, heating, ventilation, and air conditioning systems, and for equip-
ment and processes involved in handling and storing spent fuel and the associ-
ated radioactive waste control and monitoring activities.

Another proposed ANSI standard relating to the siting of spent
fuel storage pools has been prepared by a similar committee of experts and
awaits ballot action (ANS-2.19) (45). This standard provides detailed cri- |

teria and guidance for the selection and evaluation of sites for location of |

spent-fuel storge facilities. The groups involved in writing these two !

standards worked in close comunication to ensure that the criteria would be
consistent.

1
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IV.D ACHIEVING SAFE AND ENVIRONMENTALLY ACCEPTABLE
WATER P00L STORAGE

This Chapter summarizes the licensing experience on water pool-
facilities, describes in some detail the methods by which the performance
requirements set forth in IV.A.1 and the design requirements of IV.C.1 are

|
met, sumarizes the findings of environmental impact as'sessments, and, finally,
reviews the experimental evidence relating to spent-fuel integrity during
extended storage periods.

Based on the information presented here, it is concluded that
water pool spent-fuel storage facilities, whether at-reactor or elsewhere, can
be operated in a safe and environmentally acceptable manner for the projected
time periods required prior to the availability of geologic disposal facili-
ties. Water pool storage facilities for spent fuel have been licensed for
operation by the Nuclear Regulatory Commission or Atomic Energy Commission for
more than 20 years. Operated in conjunction with reactors or fuel reproces-
sing plants, these water storage pools have provided a great volume of infor-
mation and data pertinent to spent-fuel storage and the safety thereof. In

addition to the licensed comercial facilities, government-operated production
j reactors and fuel reprocessing plants have also employed water ~ pool storage

for spent fuel since the early 1940's.
The environmental impacts of such storage operations have been

shown to be negligible (46, 47). The results of spent-fuel monitoring and
examination programs have shown that spent fuel can be stored underwater for
long periods of time without significant degradation of the fuel cladding. In

the unlikely event that fuel cladding should degrade during such storage, the
fuel can be encapsulated as necessary to provide for the continued safe and
environmentally acceptable storage thereof indefinitely.

IV.D.1 Past Licensing Experience

A number of water pool storage facilities for spent nuclear
fuel have . been licensed by the Commission anc its predecessor ' agency in the

past, and such licensing is continuing at the.present time. Draft regulations'

and regulatory guides have been developed specifically for AFR storage facili-

,
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ties and have been issued for coment; final regulations and guides are being
prepared. The following items sumarize' licensing actions taken in the past
in connection with water pool storage of spent fuel:

1. The Atomic Energy Commission, predecessor regula-
tory agency to the Nuclear Regulatory Comission,
licensed the spent-fuel storage activities of the
Nuclear Fuel Services, I n'c . (NFS) West Valley,
New York, reprocessing plant in 1966 and such
license remains in effect (48). The NFS spent
fuel storage pool has a current storage capacity
of about 260 MTU -(50) and is currently storing
163 MTU.

2. The Atomic Energy Commission also licensed the
spent fuel storage activities of the General
Electric Co. (GE) Morris, Illinois, reprocessing
plant in 1974, and Nuclear Regulatory Comission
licensed an expansion thereto in 1976 (50). The
GE spent-fuel storage pool has a current storage.
capacity of about 700 MTV (49) and is currently
storing 350 MTV. The 10 CFR 70 license is cur-
rently in the " timely renewal" stage.

3. Allied General Nuclear Services (AGNS) applied
for a license for its reprocessing plant at Barn-
well, South Carolina, including the associated
spent-fuel storage pool in 1969. A construction
permit was issued by the Atomic Energy Comission
for this facility in 1970 as a result of an Atom-
ic Energy Comission review of the s1fety aspects
thereof. Subsequently, application was made by
AGNS for a Part 70 license to operate the fuel
storage pool and to receive spent fuel in advance
of receiving authorization to operate the repro-
cessing plant. Processing of this application had
progressed to the public hearing stage, when it
was interrupted by Nuclear Regulatory Commission
following termination of the Part 50 (facility)
license as a result of the decision to suspend
the GESM0* proceeding (51). No action appears to
have been taken on the Part 70 license applica- i

tion since that time.
|

4. Although no operating license has yet been issued
for, the AGNS facility, 'no substantive unresolved i

licensing issues arose during the proceedings
related to licensing of the spent fuel storage
pool. The AGNS spent fuel storage pool has a
current capacity of about 400 MTU (49).

* Generic Environmental-Statement Mixed 0xide Fuel.
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5. The first nuclear power reactor and its associ-
ated spent-fuel storage pool were -licensed by the
Atomic Energy Commission in 1959 (52). Since
that time, 76 nuclear power reactors with their
associated spent-fuel storage pools have been
licensed for operation, 70 of which still hold
such licenses (53). Moreover, commencing in
1974, nuclear power reactor licensees have
applied for licenses to expand the capacity of
existing spent-fuel storage pools by storage rack
modifications and additions. Since that time, 42
license amendments for such expansions have been
authorized by the 'iJclear Regulatory Commission,
as Table IV-5 showa. In addition, 12 applica-
tions for expansion were still pending as of 31
December 1979.

Table IV-5. Number of At-Reactor Storage Pool Capacity Expansions

Number of License Amendments for
Year Expansion of Capacity of Spent Fuel Storage Pools

1975 4
1976 9
1977 9,

| 1978 15
1979 _5_

Total 42

From the foregoing, it can be seen that Nuclear Regulatory

Commission / Atomic Energy Commission ' licensing of water pool storage of spent
nuclear fuel has been routinely practiced since 1959 and reasonably. can be
expected to continue in the future.

IV.D.2 Meeting Safety Requirements

The discussion in IV.D.1 indicates t'he existence, of a substan-
,

tial . background of engineering and design information on water pool ' storage.
Each reactor license application includes the design information and prospec-
tive operating criteria for the spent-fuel pools in order to demonstrate that
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the. storage operation will meet regulatory and safety requirements. Similar- |

ly, all three of the connercial reprocessing plants in the' United States (NFS,
GE, and AGNS, described in' IV.D.1) submitted detailed design information to
the Commission (or 'its predecessor agency) demonstrating the design methods to
be employed in order to meet the applicable safety requirements (5-7), includ-
ing'those for the spent fuel pools. NFS and GE have now stored spent fuel for
the past 13 years and 5 years, respectively, in a manner which has met the |

safety requirements of such activities, and are continuing to so store spent
fuel at the present time.

Moreover, E.I. du Pont ie Nemours prepared for the . Department
in late 1978 a conceptual design of a large AFR spent-fuel storage facility
(8, 9), which had a storage capacity of 5,000 MTU. This conceptual design
contains a preliminary. safety analysis of the design to establish its capabil-
ity for meeting the necessary safety requirements. The ability to meet the

safety requirements set forth in IV.C has been demonstrated in practice for

AFR water pool storage in facilities having _ capacities up to 700 tons, and the
evaluation of the conceptual large pool showed no capacity-related factors
which would compromise the safety of the large facilities. Twenty years of
experience in operation of spent-fuel storage pools at connercial nuclear

power reactors provides no evidence to question the validity of these' conclu-
sions in respect to the general safety of water pool storage of spent fuel.

The following paragraphs describe typical methods that are employed in the
design of spent fuel storage facilities to meet the 1 safety . requirements 'of
existing and prospective regulations.

IV.D.2.1 Barriers to' Release of Radioactive Materials and Radiation
.

Important elements of the design of-facilities for the handling.
of radioactive materials are the provision of multiple barriers to the release. :

of radioactive materials to the environment and the provision of - sufficient

shielding in the facilities' to ' assure that radiation -levels -in areas accessi -
ble- to plant ' personnel and the public- are 'within '. acceptable limits. Design

criteria require that releases of radioactive. materials and' radiation levels

:be as low as reasonably achievable (ALARA,10 CFR'20.1(c)) (2).-

'
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IV.D.2.1.1 Multiple Containment Systems.

Multiple containment systems are a feature of the design of
spent-fuel storage facilities. These include the following barriers to the

'

release of radioactive materials to the environment:

1. The fuel pellet constitutes the first barrier. to
release. Inasmuch as it is a high-fired ceramic
oxide which is- insoluble in water, it provides a
substantial impediment to the dispersion of fis-
sion products.

2. The fuel cladding constitutes the second barrier
to release. Any defects in fuel cladding would
diminish the efficiency of this barrier; however,
release of some_ radioactive material- through
small defects may occur and is effectively handled
by the water purification system of the facility,
and fuel with major defects can be encapsulated
to provide the necessary barrier.

3. The storage pool and water purification system
constitute the third barrier to release.

4. The building structure and associated ventilation
system constitute the fourth barrier to release,
although. these systems are not generally intended
to function as a high efficiency barrier as are
the preceding ones listed.,

i
! IV.0.2.1.2 Radiation Protection

! Shielding and other design features of the various systems

involved in spent-fuel storage facilities that minimize personnel . radiation
; exposure. levels are as described below.
!

!

.

IV.D.2.1.2.1 Shipping Cask Handling,: Cask Vent, Cooling and Flush System
t

.e

Shipping . casks' used |for the transportation of spent fuel' are
heavily shielded structures. designed to meet the regulatory requirements '.re-
1ating to surface radiation ' levels ~ Thus, ' radiation . levels - near the f cask. .

% during the various handling operations' will - be relatively : low and. will not
~

~

.

,

W

f.
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require special personnel shielding considerations in the design of the facil-
ity. Provisions will have to be made to prevent exposure to the hot cask
surfaces after removal of impact structures, heat shields, and other hardware.

Casks vent to an off-gas system that contains a condenser,
liquid collection tank, carbon absorption bed, high-efficiency particulate air
filter, and vent gas sampling system that permits radioactivity tests to de-

*

tect unexpected fuel failures.
Removal of surf ace dirt on the casks is accomplished by wash-

down, the residue of which drains to the low-level waste treatment facilities.

If the fuel requires cooldown prior to irnersion in the fuel

unloading pool, the cooling is accomplished by injection of steam followed by
water to reduce the temperature of the fuel gradually. The cooling water is
collected in a hold tank for subsequent disposal in i.he liquid waste system.
Flushing the cask interior with water may be necessary to reduce the level of
contamination prior to unloading in the fuel unloading pool. The vent, cool-

ing and flush piping system, and tank will have shielding that reduces radia-
tion levels to below the required limits.

IV.D.2.1.2.2 Fuel Unloading Pools

Unloading of spent fuel from the shipping cask is accomplished
in the fuel unloading pool, where the water level over the fuel provides the
shielding necessary to reduce surface radiation levels to the levels required
by regulation. Safety measures in the form of positive controls over water
level in the pool and mechanical devices to prevent hoisting of the fuel above
a safe level are provided. These measures ensure that there is always adequ-
ate water shielding over the fuel . Another design safety measure is the
avoidance of any piping so arranged that it might permit siphoning of water
from the pool .

To prevent leakage of water from the pool, a stainless steel
liner is provided, with leak channels behind all weld points to collect any
leakage and transfer it back to the pool water system; monitoring of these
leak channels provides warning of leakage. Breaching of the liner by the

unlikely event of a dropped cask is prevented by an impact limiting str_ucture
in the bottom of the pool and means of- preventing cask tipping.
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Failed fuel and " crud" on the surface of the spent fuel may
!

! contribute radioactive material to the pool water. To control the radioactiv-
ity of the pool water, a filter-deionizing system is provided to remove par-
ticulates and dissolved radioactive contaminants and to maintain the pool

water activity at low levels.

i
IV.D.2.1.2.3 Fuel Storage Pools

All the special design considerations described above for the
fuel unloading pools also apply to the fuel storage pools, except that the
impact limiting structure is not required. In addition, the water recircula-
tion system includes a heat exchanger to maintain the fuel storage pool water
temperature below 400C when the storage pools are filled with spent fuel to
the design capacity. The fuel pool volume provides a heat sink, which pro-
vides time to reestablish cooling operations in the event of a temporary loss
of the external cooling system. Backup water supplies such as on-site wells,
ponds, or lakes provide makeup water from evaporative loss in the event of
boiling. The emergency water supply system must be designed to meet seismic
and tornado design criteria.

.

IV.D.2.1.2.4 Water Purification System

The filter-deionizer and deionizer waste disposal systems for
the fuel unloading and fuel storage pools will normally contain large -amounts
of radioactivity requiring shielding. _These facilities are located in con-
crete shielded cells and _are operated by remote control. Contact (hands-on)
maintenance for some of these facilities is possible after flushing and decon-
tamination to reduce radiation lesess. Equipment requiring extensive decon-
tamination before contact maintenance is replaced (to reduce downtime) and
transferred to a shielded cell for decontamination.

IV -'32



IV.D.2.1.2.5 Waste Handling Systems

The liquid waste disposal system includes feed tanks, pumps,
and evaporators for collection and concentration of the various radioactive
liquid wastes generated in the operation of the facility. These facilities
require moderate concrete shielding. Manual valves are operated by extension

'

handles through sleeves in the shield wall where feasible; elsewhere, remotely
operated valves are used. Contact maintenance is possible after emptying and

cleaning the equipment to reduce the radiation levels to below the required
limits.

IV.D.2.2 Criticality Prevention

All spent fuel handling, transfer, and storage operations are
designed to limit the fuel to a subcritical configuration. The number of

;

assemblies being transferred and the storage array in the pool is limited to
that which restricts reactivity to Keff 2 0.95 at the 95% confidence level
based on unirradiated fuel specifications.

Proposed regulation 10 CFR 72 would require use of a " double
contingency principle" to ensure subcriticality at all times during fuel hand-
ling and storage activities. Thh principle requires that no single failure
of a protection system can result in criticality. Conversely, two (or more)

independent failures must occur before a criticality can occur. Protective
systems may be either positive mechanical design features which preclude the
assembly of a critical system, or administrative methods which require speci-
fled procedural actions prior to or while undertaking an activity involving
handling or transfer of materials. For a water pool storage f acility, these

are illustrated by the following:

1. Design features: (i) Geometry control of the
storage array, i.e., assembly-to-assembly dis-
tance controlled by the structure of the storage
racks; (ii) provision of poison curtains between
adjacent fuel assemblies; (iii) mechanical limits
on cranes which prevent the transport of heavy
objects (e.g., casks) over stored fuel; (iv)
mechanical devices on fuel transfer racks which
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j preclude dropping of the rack or spilling its
j contents onto the storage array in the event of

any single failure of the hoisting system during
transfer of fuel; and (v) control instrumentation
on critical processes.

2. Administrative features: (i) Procedures requir-
ing verification of the enrichment of fuel prior
to placing in storage; (ii) _ procedures requiring
periodic checking, of the continuing presence of
poison in the storage racks; (iii) procedures for
control of maintenance work on handling systems
to ensure that no compromise of the effectivity.
of mechanical design safety features occurs; (iv)
procedures for control of design changes to en-
sure that no change is made which compromises any
safety feature; and (v) operating procedures
which specify how each operation involving hand-
ling of spent fuel is to be conducted.

Wherever feasible, the primary criticality control must be
achieved by means of positive mechanical design features; administrative fea-
tures may provide backup protection.

In addition to the features identified above, fuel storage

facilities are provided with nuclear criticality monitors and alarms in areas
where there is potential for nuclear criticality.

IV.D.2.3 Accident Prevention and MitigationL

IV.D.2.3.1 Operating Errors

The' design ensures that no single operating error can cause an
incident having unacceptable safety consequences. For example, fuel handling
equipment is designed to ensure that no single operating error causes a nuc-
lear criticality event in the fuel storage arrays.

The authority to manipulate safety-related equipment and con-
trols is limited to trained personnel or, in an emergency. situation with di-
rect supervision, to an individual with adequate training in such operation.
Supervisory personnel who direct the manipulation of safety-related equipment
and controls are _ required to have a level of training in such operations com -
parable to that of trained _ operating personnel.
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IV.D.2.3.2 Seismic and Tornado

Proposed 10 CFR 72 would establish a requirement that the de-
sign basis earthquake be assumed to have a peak horizontal ground acceleration
of not greater than 0.25 g with a recurrence interval of at least 500 years.
This recurrence interval is equivalent to a 90% probability of not being ex-
ceeded in 50 years. An AFR storage site would be selected such that the site
would meet the aforementioned 0.25-g limit; if a site of interest showed a4

greater peak acceleration, it would be subject to a site-specific analysis in
accordance with 10 CFR 100. Equipment and facilities that are designed to
withstand the design basis earthquake are those described in Table IV-6.

The design basis tornado is assumed to have a maximum wind
speed of 360 mph. Equipment and facilities that are designed to withstand the
design basis tornado are those described in Table IV-7.

.

IV.D.2.3.3 Fire

'
Facilities are designed to minimize fire potential. No sig-

nificant quantities of highly flamable or explosive chemicals or materials

are used at such facilities. The design includes a fire detection system,
j alarms, and fire control equipment.

IV.D.2.3.4 Vent Stack

Vent stacks for nuclear facilities are so designed and located
with respect to critical buildings that the collapse or fall of a stack, due

to natural phenomena or other cause, would not result in damage to any criti-
cal facility.

. _ .
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Table IV-6. Facility Design Criteria for Design Basis Earthquake

Equipment Performance Criteria

Fuel unloading and storage No loss of functional integrity
pools

Storage basket anchors No loss of functional integrity

Cranes Cranes would not collapse into storage
pools nor drop heavy equipment onto
stored fuel.

Building structure Building structural steel would not
collapse onto pools.

Emergency makeup water source No loss of functional integrity;
and delivery system delivery system would be accessible

for use following an earthquake.'

Pool level monitoring No loss of functional integrity
instrumentation

Table IV-7. Facility Design Criteria for Design Basis Tornado

Equipment Performance Criteria

Fuel unloading and storage No loss of functional integrity
pools

Storage baskets anchors No loss of functional integrity;
damage of fuel from tornado missiles.

would not cause radioactive release
above Federal guidelines.

Cranes Cranes would not collapse into storage
pool nor drop heavy equipment onto

| stored fuel.

Building structure Heavy building structural steel would
not fall or be blown onto pools.

Emergency makeup water source No loss of functional integrity

Deionizers and filters No dispersal of contaminated resin

! Evaporators No dispersal of evapcrator bottoms

Solid waste Drums caged to prevent dispersal of
drumed waste.
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IV.D.2.3.5 Emergency Power (Equipment and Lighting)

|The design provides for emergency power in the form of diesel
generators and/or batteries for lighting, communication systems and safety-
related monitors, alarms, and equipment. In addition, emergency power will
supply that process equipment deemed essential to safe shutdown of the facil-
ity on loss of normal power.- |

IV.D.2.4 Ventilation

IV.D.2.4.1 Building Ventilation System

The ventilation system designs comply with standard industrial
practice to provide for protection, comfort, and safety of operating personnel
during normal operation. The systems "estrict the spread of radioactive con-
tamination within the facilities, and any release of radioactive particulates

to the environs will not exceed that allowed in the Federal guidelines.
The process areas ventilation system provides once-through flow

of air. Inlet air passes through roughing filters to remove the bulk of par-
ticulate matter in ambient air. Air locks at entrances to ventilation zones
provide control of the air flow balance between zones. Flow of air is from

zones with lesser potential for radioactive contamination to areas yith higher
potential for contamination. '

With a few exceptions, ventilation air from all yreas of a

building exhausts unfiltered to the atmosphere via a stack. The (exception's I

are the shielded process areas, solid - waste handling area, and' regulated
shops. Exhaust air from these areas pass through a single-stage, high effi-
ciency particulate air - (HEPA) filter before discharge to the atmosphere via _
the stack. |

|
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IV.D.2.4.2 Process Off-Gas System

The cask vent si. em has a carbon absorption bed for removal of
volatile fission gases and a single stage' of HEPA filters before discharging
the off-gas to the stack. Failed fuel containers are available to collect and
contain fission products released from damaged fuel assemblies in the unlikely
event that they would be required. Any fission gases from this collection

system are routed to the cask vent off-gas system.

IV.D.2.5 Detection and Monitoring Systems

Designs normally include the following radiation detection and
monitoring systems.

IV.D.2.5.1 Radiation Monitors

Radiation measuring and recording monitors are located through-
out the pool building.

IV.D.2.5.2 Air Monitors

i

Facilities are provided for sampling the ventilation air in the
building and for monitoring airborne radioactive contaminants. Stack monitors
measure and record radioactive releases to the atmosphere.

I

IV.D.2.5.3 Pool Level Leak Detection System

Pool water level and leak detection collection systems provide
a check on integrity of the stainless steel' liners in the fuel unloading and
fuel storage pools.
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IV.D.2.5.4 Nuclear Incident Monitoring System

A nuclear incident monitoring system provides for detection of
a criticality incident. The system uses redundant monitors at each potential

criticality location. American National Standards Institute Standard N16.2-
1969 (American Nuclear Society Standards Committee ANS-8.3) provides addition-

al design guidance.

IV.D.2.5.5 Environmental Monitoring Systems

A system of monitoring stations and wells permits sampling and
monitoring of vegetation, soil, and surface and ground waters for radio-
activity.

IV.D.3 Environmental Considerations

Both the Commission and the Department have assessed the envi-

ronmental impact of storing spent nuclear fuel. The Commission considered the

possible shortage of spent fuel storage capacity and the options for dealing
with the problem from the standpoint of long-term regulatory policies. The

NRC final EIS on the storage of spent fuel was issued in August 1979 (1).
This statement concluded, "The storage of LWR spent fuel in water pools has an

insignificant impact on the environment, whether such pools are at reactor
sites or away therefrom." It also concluded, "The technology of water pool
storage is well developed . . . radioactive waste that is generated is readily .
confined and presents little potential hazard to the health. and safety of the
public (1)."

The Department's environmental analysis addressed the impacts
of implementing or not implementing the United States' announced policy of
providing interim storage for nuclear power reactor spent fuel, of both, domes-
tic and foreign origin. In August 1978, the Department issued for coninent the
Draft EIS on. the storage ' of domestically generated power reactor fuel (47),-

_

which was subsequently supplemented in December 1978 (54). A final EIS is in

preparation. The Draft EIS notes:
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In summary, the environmental impacts from all
,

alternatives considered, either from implementing or
{not implementing the spent fuel storage policy, are

nominal: The decreased resource consumptions and
environmental impacts of alternatives that assume
reactor basin operation at less than full-core re-
serve must be balanced against the reduced flexibil-
ity in reactor operation and the possibility of
forced shutdowns which could lead to~ the use of
higher-cost supplemental power or reduction of elec-
trical power generation. At-reactor storage in-
creases environmental effects compared with ISFS
basin storage because additional storage basins are
constructed and operated. However, the impacts are
relatively small compared with available resources
and risks from natural radiation sources (54).

| IV.D.4 Assessment of Extended Storage Performance
|

The purpose of this section is to show that fuel can be stored
in pools as received from reactors over the expected time span until geologic

| disposal is available. Much of the spent-fuel experience base has developed
at reactor pools. Experience at BWR pools is directly relevant to AFR pools
because both types have deionized water chemistries. PWR pools use dilute
boric acid chemistries to provide compatibility with the boric acid chemistry
of the PWR primary system coolant during refueling.

Nuclear fuel survi'ves extended reactor exposures (normally 3
years) to water under intense radiation and elevated temperatures before dis-
charge to the storage pool. By comparison, the fuel assembly materials are
exposed to much more benign conditions in water storage (Table IV-8). Water

pool storage involves relatively simple technology. Because water storage
provides a key interim role in nuclear fuel management, it is important to
state the basis for the judgment that it is a viable technology for storage of
water reactor fuel. A major element of that conclusion arises from an assess-
ment of current condition -of the spent-fuel inventory.- To date, there is no
evidence that commercial water reactor cladding has deteriorated. Zircaloy-
clad oxide fuel has survived up to 20 years in water storage. -Stainless-clad
water reactor ' fuel has survived up to 12 years -in water. The second element
of assurance involves an intention to continue ' surveillance of- spent fuel for -
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as long as pool storage is required. The final element of assurance is the
recognition that even if severe fuel assembly deterioratior were to develop,
isolation of assemblies by encapsulation (canning) is a demonstrated

alternative.
1

IV.D.4.1 Characteristics of Typical Spent Fuel

General characteristics of the spent fuel of United States

origin are discussed in II.C.3 of this report. For reference here, the con-

figurations of fuel rods, BWR assemblies, and PWR assemblies are presented in
Figures IV-6 through IV-8. Characteristics of typical LWR (BWR and PWR) fuel
assemblies are described in Table IV-9.

Some discussion of Canadian pressurized heavy water reactor
(PHWR) fuel storage experience is included. PHWR fuel rods are Zircaloy-clad

uranium oxide (55). Therefore their storage behavior has substantial rele-
vance to United States LWR fuel, even though the geometry differs from LWR
fuel geometries (see Table IV-9 for LWR fuel assembly dimensions). The PHWR

fuel assemblies have the following dimensions (56): ~50 cm (22 in) long; 8 to
10 cm (3.2 to 4.0 in) in diameter; contain 19 to 37 fuel rods, each with a
diameter of ~1.5 cm (0.59 in). The PHWR assemblies weigh 17 to 25 kg (37 to

55 lb). The maximum burnups at discharge are about 10,000 mwd /MTU, which is
below burnups for the majority of United States fuel. _ However, the Canadian
experience is a valuable source of spent-fuel storage information for the ;

'

reasons listed below:

1. The cladding is Zircaloy.

2. The fuel pellets are U0 2-

3. Canadian fuel burnups. overlap with lower burnups on United
States fuel.

4. Canadian spent fuel has been examined af ter up to 16 year .
of pool residence (see IV.D.4.3). Some PHWR fuel is st'
functioning' satisf actorily in the NPD reactor after
years at reactor primary system conditions. l
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Table IV-8. Comparison of Conditions for Light Water Reactor Fuel

Condition In-Reactor In-Pool

Fuel temperature, oC
(peak centerline) 1,200-1,350 100

Water temperatures <

BWR, OC 270-300 20-50
PWR, OC 320-340 20-50

Cladding (inside) surfacea 340-400 30-60

Gas pressureb
BWR, bar 4.8-48.0 2.0-20.0
PWR, bar 39.0-150 17.0-85.0

Calculated fission gas
evolutionc

BWR 2%- ' negligible
PWR 15% negligible

Surface heat fluxes,
W/cm2 Up to 80 0.03d

Radiation fluxes (maximum)e
neutron, n/cm2 s, >1MeV 3-6-x 1013 105/
gama, R/hr 109 106

aAfter cooling for several weeks, the exterior surface temperature
is 100C above the bulk water temperature; the interior and exte-
rior cladding surface temperatures are essentially the same at pool

'

storage conditions.

b or intact fuel rods.F

cBased on modeling calculations, measured values may be lower.

dafter cooling for 1 yr.

eUpon discharge; decreases exponentially.

Source: (Reference 57) . A.B. Johnson, Jr., " Spent Fuel Storage Experience,"
Nucl. Tech., Vol. 43, pp. 165-173,~1979

IV - 42

_ _ _ _ _ _ _ _ _ _ _ -



-. - - - _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _

.

.

END PLUG
o / g

?Y
WELD.

t | \

h
k C k

SPRING

N{!

{ $16 cm
,

PELLETS

k d
< FUEL 4 LAD GAP

{
k '

'

t
! D

d'bt
C

>' ZlRCALOY CLAD

380 cm { f
366 cm t s

k

$ $
D D"
j/ \S
k $
t d j WELD

; (y _

1

Figure IV-6. Typical Fuel Rod

Source: (Reference 58) W.H. Baker and F.D. King, Technical Data Sunnary,
Spent-Fuel Handling and Storage Facility for LWR Fuel Reprocessing

DPSTD-AFCT-77-7, Savannah River Laboratory, p. A.3, Aiken, SC,
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Table IV-9. Characteristics of Typical Light Water Reactor
Fuel Assemblies

Characteristic PWR BWR

Overall' assembly length, m 4.1 ' 4. 5

Cross section, cm 21.4 x 21.4 13.9 x 13.9
Fuel rod length, m 3.8 4.1
Active fuel height, m 3.7 3.8
Fuel rod 00, cm 0.95 1.2
Fuel rod array 17 x 17 8x8
Assembly total weight, kg 670 279

U/ assembly, kg 460 190

002/ assembly, kg 525 215
Zircaloy/ assembly,kg 130a 57b

Hardware / assembly, kg 16c 8d

Total metal / assembly, kg 145 65

aIncludes Zircaloy control-rod guide thimbles.
b Includes Zircaloy fuel-rod spacers.
cIncludes 10-kg SS nozzles and 5.5-kg Inconel-718 grids.

(Inconel = trademark of International Nickel Co.)
d ncludes SS tie plates and negligible amount of Inconel springs.I

Source: (Rderence 59) U.S. Department of Energy, Analytical Method-
olocy and Facility Description - Spent Fuel Policy, DOE /-
ETOC 54, p. I-4, August 19/8

IV.D.4.1.1 Assembly Components and Materials of Construction

The fuel assembly materials- used in the United. States' are sum--

marized in Table IV-10 for LWR fuel. Canadian fuel assemblies are constructed
*

entirely of Zircaloy except for the beryllium braze used for wear pads. The
'

fuel : assembly materials have ~ good corrosion resistance in _' water, both at
reactor operating conditions and under pool storage conditions.;
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Table 'IV-10.. Fuel Assembly Materials

Component Subcomponents Material Alloy.

Fuel rods Zircaloy Zry-2(BWR).--

Zry-4 (BWR)
Stainless steel 304

348H

Fuel spacers Grid Stainless. steel 304
Inconel 718-
Zircaloy- Zry-4

Springs .Inconel 718

Upper tie plates Bail / tie plate Stainless steel 304
Bolts / nuts Stainless steel 304

Inconel 600
Springs Inconel' 718

Lower tie plates Tie plate / nozzle Stainless steel 304

Tie rods Zircaloy< --

Stainless steel

Source: (Reference 15) A.B. Johnson, Jr., Behavior of Spent Nuclear Fuel in
Water Pool Storage, p. 47 BNWL-2256, Battelle Northwest Laboratories,
Richland, WA, 1977

IV.D.4.1.2 Radionuclide Content

The radioactivity inventory in a fuel assembly has the follow-
ing sources:

1. Fission Products Contained Within the Fuel Clad-
jdin --Power generation involves. fissions of uran-
ium - and plutonium atoms (isotopes) producing
smaller- atoms which are -predominantly ' radio-
active; some have short lives (seconds, minutes,
or hours) and decay to inconsequential concentra-
tions ~ almost before the assembly is discharged
from the reactor. ~ 0ther isotopes have half-lives
in the time scale of days or years. Isotopes
with significant activities over the expected
oeriod of pool storage have been calculated (60).
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' Most ' of the fission products ' remain in the fuel
_ pellets, but some, principally krypton, reside as
gases..inside'the-fuel rod during pool storage.

'2. Transuranics--A fraction of the uranium absorbs
neutrons and transmutes to atoms with atomic

. numbers higher than uranium. Activities of major
transuranics in the ~ spent fuel have been calcu-
lated (61).

3. Activation Products--The fuel cladding and assem-
bly- hardware (end plates, fuel spacers, etc.)
contain isotopes -which become radioactive when
irradiated by neutrons. The principal isotopes
generated in the fuel- assembly metals which are'

concern over the projected storage interval are

60 o.and 63Ni (62).C

4. Crud Layers--Corrosion products from the reactor
coolant system (principally iron-base and nickel-

| base alloys) are transported to the reactor core,
! where they settle on the fuel assembly curfaces
| and form a " crud" layer, comprising radioactive
'

oxides. The principal isotopes are. the same as
those in the activated iron-base and nickel-base
fuel assembly metals (Table IV-13). However,

; some fuel crud deposits contain other isotopes
such as 65Zn. If ' exposed to a reactor where,

fuel failures have occurred, the crud layers will
absorb fission products such as . iodine, cesium,

' and strontium.

The radioactive nuclide inventories and thermal powers of spent
I fuel from a typical large PWR have been calculated and published -(63). Com-

position of BWR spent fuel is generally similar, but the radioactive nuclide

!' inventory and thermal power are generally less because of lower average burnup-
! and specific power in comparison with - typical- PWR spent fuel. For.conserva-
' ~

tism. the Draf t EIS on the spent-fuel . policy-(47) assesses the environmental
: effects tof spent LWR fuel management by using fission product inventories and

thermal powers (per MTU). calculate'd for PWR conditions. .

| --

,

|

-
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IV.D.4.1.2.1 Radioactivity Versus Time

The radioactivity of an LWR spent fuel assembly declines expon-,

entially as a function of time; in the period of-interest for storage of spent
fuel, the surface dose rate in rem /hr declines from approximately 2 x 105
rem /hr at 1 year out of the reactor to approximately 9 x 103 rem /hr 50 years

-after discharge (Table II-3).

IV.D.4.1.2.2 Heat Output Versus Time

During radioactive decay, alpha and beta particles and electro-
magnetic radiation emit from unstable nuclei. Absorption of the emitted spe-
cies in the surrounding matter causes temperature increases. Heat genera-
tion rates depend on the nuclide inventory and decay characteristics. Typical
heat generation rates for BWR and PWR fuel as a function of time appear in
Table IV-11.

Table IV-11. Effect of Decay on Thermal Power of Spent Fuela
(Operating power = 30 MW/MTU, exposure = 33,000 mwd /NEU)

.

Approximate Thermal Power

Watts / Assembly
fime After Discharge

(years) Watts /MTU PWR BWR

0.5 16,700 7,700 3,200
1.0 10,200 4,700 1,900
2.0 5,400 2,500 1,000
4 2,500 1,150 470
6 1,700 760 320
8 1,30] 610 250
10 1,200 550 230-
30 72C- 330 140

aBWR fuel assumed to be irradiated under PWR conditions for
conservatism in assessing environmental effects of spent fuel
management.

Source: Adapted from Table II-4 in Chapter II.C.
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IV.D.4.1.3 Burnup/ Exposure

Burnup is a measure of the. amount of fuel. which was converted

into energy. It also is proportional _ to the number of neutrons which inter-
acted with the fuel cladding. There has been a continuous increase in the
average burnup of fuel at discharge. The average was about 8,000 mwd /MTU* in

1962 (64). In January 1973, the average burnup of all United States discharg-
ed fuel was 11,200 mwd / MTU, and the worldwide average burnup of discharged
Zircaloy-clad fuel was 8,200 mwd /MTU (65). In January 1973, the highest dis-
charge burnup for Zircaloy-clad fuel, on a world-wide basis, was 16,700
mwd /MTU for BWR's and 25,200 mwd /MTU for PWR's (66) for quantities of fuel of

5 MTV. The average discharge burnup of domestic fuel was 24,000 mwd /MTU in

1978 (64). The current nominal design burnups for domestic PWR fuel and BWR
fuel are 33,000 mwd /MTU.and 27,300 mwd /MTU, respectively (66, 67).

In the future, batch-average discharge burnups in the 40,000 to
|

55,000 mwd /MTU range may develop (67, 68). Consequently, future discharges of

spent fuel will have higher values of thermal powers. The effect of these
higher values will be taken into account in spent-fuel pool designs. With

extended burnups, peak burnups in the fuel pellets would exceed 60,000 mwd /MTU
(up from 40,000 mwd /MTU) (68, 69). To date, the highest burnups in comercial
LWR fuel are 62,000 mwd /(rod ' average) MTU, on rods from demonstration fuel

exposed in the Zorita reactor (70) (Spain). Some of the high-burnup rods were

examined (71). Others are now in dry storage in Spain.

I V . D . 4.1.4 Condition of Assembly After Reactor Exposures

Several characteristics of a fuel assembly change during the

reactor irradiation:
1. Oxide film growth occurs: typical oxides on

discharged Zircaloy-clad fuel are 15 to 25 pm of
Zr02 on PWR fuel rods; 15 to 20 pm of ~Zr02 on
PWR fuel rods; local oxide thicknesses range Trom
50 to 160 m.

* Megawatt-days of thermal energy released by fuel containing 1. metr.ic ton
(106 m) of heavy-metal atoms (mwd /MTU).g

IV - 50

|



.- _ _
-

2. Zircaloy cladding and spacers . absorb .and retain
substantial hydrogen; typical hydrogen concentra-
tions in spent-fuel cladding are 60 to 100 ppm
(PWR) and 60 to 120 ppm (BWR). Most of the trit-
ium released from the fuel also is absorbed in
and retained by the Zircaloy (stainless steel
cladding retains very little hydrogen).

3. Species circulating in .the reactor coolant depos-
; it on .the fuel assembly surfaces, forming a

superficial layer of oxides (crud).

4. Metal strength increases and ductility decreases
during neutron irradiation.

5. Fuel rod length increases slightly.
|

6. The uranium oxide fuel tends to -swell during
irradiation; cracks develop in some fuel pellets.

The considerations - in post-irradiation fuel assembly condition
pertinent to water storage are suninarized below:

1. The. oxide' films which form on fuel assembly
metals at reactor temperatures are stable at pool
storage temperatures; they do not thicken per-
ceptibly or spall during water storage.

2. Crud species occur in two forms; loose and tena-
clous; loose species are more coninon on BWR - fuel.
(princ' pally Fe.902); some radioactive crud,

partic' es may detacn from the -fuel surfaces dur-
ing fuel handling and storage; if fuel failures
occurred during reactor residence, fission pro-
ducts absorbed on the crud layers will desorb
slowly during pool storage.-

3. Mechanical properties of spent fuel assembly
materials : are fully satisfactory to endure move-
ments during fuel handling operations.

:
'

.
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4. Stresses in the fuel cladding are considered to
be low relative to those -which were present at
reactor operating conditions because the fuel
tends to shrink away from the cladding upon cool-
ing and because gas pressures inside the fuel
rods decrease. upon cooling.

IV.D.4.2 Spent-Fuel Storage Experience

A great amount of experience with water pool storage of spent'

fuel assemblies and other radioactive materials has been acquired since' the
early days of~ the Manhattan project (1943-44). This experience is pertinent
to the assessment of the suitability of continued water pool storage of spent
nuclear fuel. The operational experience with fuel for water-cooled reactors,
including discharged fuel, in the western world is based on more than 9 mil-
lion fuel rods (including 3.5 million short Canadian fuel rods) (72).

Swedish investigators participating in the Karnbanslesakerhet
(KBS) study have proposed a plan for handling spent nuclear fuel which
involves storage in the reactor pool for at least 6 months, followed by trans-
fer to a central water pool storage site for 40 years storage. After this

storage period, the fuel would be encapsulated and transferred to r. repository
for disposal. In considering the acceptability of long term scorage of zir-
conium alloy-clad fuel, these investigators concluded:

-

1. It is technically ' feasible and pccmissible
from the -viewpoint of safety to shorten or
lengthen the storage period, and

2. No degradation mechanisms which could . affect
the integrity of the fuel within a period of
40 years have been identified (73).

The early fuel was reprocessed, .but some Zircaloy-clad spent
fuel- has remained in water storage for. two decades. This ~ section summarizes

some of the longer exposures of spent-water reactor fuel in -water pools and
'

indicates characteristics of the stored' fuel. It also suninarizes- storage

experience for fuel- which has reactor-induced defects. Finally, it indicates -

impacts of damage which occurred during underwater handling of spent fcel.

IV - 52
,

,



__ _ _ _

IV.D.4.2.1 Storage History of the Current Spent Fuel Inventory

An assessment of the storage characteristics of the current
spent-fuel inventory is important to project probable future storage behav-
ior. The current scope of U.S. and Canadian water reactor spent-fuel storage
appears in Table IV-12. The oldest and highest burnup fuel is sumarized in
Table IV-13. To date there has been no evidence that the commercial water
rtactor fuel'is degrading during water storage.

;

Table IV-12. Spent-Fuel Inventories in Pool Storage in the United States
and Canada Through December 1979

Spent Fuel Assemblies
Reactor Type in Water Storage

BWRa, c 14,600
PWRa, c 8,150

PHWRb 129,000

aSee Table IV-9 for assembly size.

b stimated December 1979 inventory for Bruce and Pick-E

ering Stations; assemblies are ~50 cm long and weigh
up to ~25 kg.

cBased on information compiled by S.M. Stoller ~ Corp.
The numbers include all U.S. comercial LWR fuel
discharged. The numbers include approximately 1,135
BWR assemblies and 480 PWR assemblies which were re-
processed at the Nuclear Fuel Services Plant, West
Valley, N.Y., 1967-1971. The BWR' fuel discharges
represent 2,540 MTU; the PWR fuel discharges represent4

3,380 MTU. Section V.A.1 shows the inventory of
stored fuel as a-function of time.

.
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Table IV-13. Characteristics of the Current Spent-Fuel Invent 0ry.

Storage
mwd /MTU PeriodCharacteristic - Cladding Reactor / Type Burnup in Water Remarks

Longest residence Zircaloy-2 Shippingport/PR 6,000 1959 to presenta Stored in DINbin-pool . Stainless VBWR/BE 10,000 1 % 3-1975 Stored in DIW;steel
. reprocessed 1975Zircaloy-2 BR 25,000 1974 to present Stored in DIWZircaloy-4 Pm 17,000 1973 to present Stored only in H 803 c3poolZircaloy-4 ~ ' PWR 7,700 1971 to present Stored briefly in H 8033pool; then stored in DlW-Stainless PWR 37,500 1976 to present Stored only in H 803 pelsteel 3

Stainless BE 22,000 1975 to present Stored in DIW*-*
steel

Highest burnup Zircaloy-4 Zorita/PWR 62,000 1975-1976 Rods in dry storage
since 1976m Zircaloy-4 KWO/Pm 39,000 1975 to present Stored briefly in H 80 ;.* 3 3
then stored in DIWZircaloy-2 BR 27,300 1977 to present Stored only in DIWZircaloy-2 PR 41,000 1974 to present Resided in reactor 1957.
to 1974; then DIW poolsStainless BWR 22,000 1975 to present Stored only in DIWsteel

Stainless Pm 37,500 1976 to present Stored only in H B03 pel
. 3-steel

aOne Shippingport. assembly stored since 1959; one stored since 1%1; one stored since 1964..b
DIW: detonized water; applies to AFR and BWR pools; also to Shippingport P m pool.

|cBoric, acid: applies to PR pools; concentration - 0.18 to 0.21 moles / liter boric acid.
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I V . D . 4. 2. 2.. Storage History of Fuel That Developed E.efects In-Reactor

:

A small fraction of water-reactor fuel rods develop defects

while in the reactor. Recent ranges for LWR fuel rod failure rates are 0.03%--

I. 0.04% (BWR) (74) and 0.01%-0.3% (PWR) '(75). Historical aspects of reactor

induced -fuel failures have been reported and discussed in the. context ' of-
spent-fuel storage (76).

~

The types of reactor-induced cladding defects include pinholes,
cracks, and small holes, and a few cases where sections of- cladding are

,

i missing.

Cladding defects which occur in-reactor permit the expulsion of
.

fuel rod gases to the reactor coolant. The hot coolant ~will enter larger-
defects and dissolve soluble fission products. Fission products will adsorb >

,

on fuel assembly surfaces of intact and defective fuel.
During fuel discharge, fission products in the reactor coolant

mix into the fuel pool water; they also desorb from fuel assembly surfacesi

.; . during storage. Crud particles also are released from fuel assemblies during
: fuel handling. Crud spallation is enhanced when: fuel is shipped in dry casks,
; which results in elevated fuel rod temperatures. - Procedures have been used to

control radioactivity at spent fuel pools. These procedures are sumarized in
IV.D.4.5.

The large majority of defective fuel assemblies stored in U.S.4

pools do not require canning. Several case histories (77) suggest that radia-
tion releases from cladding defects are small during-pool storage. The gase-
ous inventory was expelled in-reactor; further -evolution at pool temperatures
is negligible (57). . Soluble species near large defects were -dissolved ~by the

Ti reactor coolant. . Leaching from the relatively few areas of. exposed pellets
appears to be 1ow at pool ' temperatures. Studies are under way on . defective,

fuel to further quantify radiation releases from defects under. pool storage.

conditions'(78).=

1

I
.,
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Water may enter the fuel rod through cladding defects.

Although this has not caused problems at pool temperatures, possible conse-
quences if the fuel is to be removed to dry storage will be evaluated.

IV.D.4.2.3 Incidence of Fuel Damage in Storage and Handling

A survey of fuel handling mishaps in U.S. pools over the period
1974 to 1976 revealed nine cases (79) where an abnormal event occurred during

fuel handling operations.* Radiation release was indicated in only one of the
nine cases. In that case, a BWR fuel assembly was dropped ~30 ft (9m)
through water, while being removed from the reactor core, impacting on another|

fuel assembly. There was no detectable immediate radiation release to water.
or air. When the assembly was moved there was .a momentary airborne release.
The reactor room was evacuated but was soon returned to normal operation. In

a separate incident, a Swedish BWR assembly was dropped approximately 8 m in
pool water without causing a detectable radiation release or any visually
detectable damage to the fuel rods or assembly hardware (80).

Water reactor fuel shipments in the U.S. have not resulted in
obvious cladding degradation or serious radiation releases. One care of sub-
stantial radiation release inside a shipping cask was reported at a French
reprocessing plant (70, 81). In that case, four stainless-clad fuel assem-
blies were shipped in a dry cask from the Chooz (Belgium) reactor (PWR) to the

La Hague reprocessing plant in France. The fuel -was stored at the reactor
pool between 2 and 3 years. Fuel discharged at the same time had developed

defects during the reactor exposure. However, defects were not obvious-on the

four assemblies; otherwise, they would have . been canned for shipment. When

the cask atmosphere was tested upon arrival at La Hague, it had a relatively
high radiation level, indicating that a release had occurred from one or more
rods during shipment. The fuel was . discharged to the plant fuel pool, tempo-
rarily increasing the radiation level in the pool to ~0.1 pCi/ml. The pool

i cleanup system gradually reduced the pool radiation levels to normal values..

|_ *5ince the. survey, three additional' cases of dropped assemblies have been
identified, none of which resulted in measurable radiation releases. One of
these occurred in 1974 and was not reported in the. original survey. The
other two occurred in 1977.

,
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Investigations of nuclear fuel integrity in several countries
provide the following conclusions (15, 78, 80-88):

1. No observations or investigations have. yet shown
evidence of 'even minor corrosion-induced degrada-
tion on consnercial water reactor fuel in pool
storage, including visual inspection, pool radia-
tion monitoring, non-destructive and metallurgi-
cal investigations on spent fuel after periods of
water storage.

2. In contrast, deterioration was observable on-
pool-stored Magnox* fuel, stainless-clad gas
reactor fuel (sensitized during reactor expo-
sures), and defective Zircaloy-clad metallic
uranium fuel. Thus, cladding degradation or fuel
failures are often observable when they occur.

The evidences have included gas releases, radia-
tion releases to pool water, fuel assembly visual
appearance, and metallographic evidence.

|-

3. Assessments of known water reactor spent fuel )
assembly materials behavior have not indicated i

probable degradation mechanisms having serious
consequences (15, 78, 80, 82-85).

4. Even in view of apparent and expected f avorable
storage characteristics of water reactor spent
fuel, surveillance programs are in progress to
identify any problems which might develop (15, !

71,78,82-86). |

IV.D.4.3 Programs to Investigate and Evaluate Integrity of
Spent Fuel During Storage

*

Although prior experience has provided a sound basis for
believing that water pool storage offers a safe and effective method of stor-

1

ing spent nuciear fuel for extended periods of time, both United States and |
foreign laboratories are continuing to investigate _ factors pertinent -to ' the
longterm ir..agrity of the fuel assemblies in water pool environments. Dry |

storage, though at present backed by a somewhat lesser fund of information and
operational data, is also being investigated on a broad basis to provide fur-
ther support for the conclusions regarding its adequacy and comparative advan-
tages. The following paragraphs discuss these continuing activities.

|
|

*Magnox refers to a magnesium-based alloy used as fuel cladding.
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IV.D.4.3.1 Water Pool Storage Investigations

Investigations are being conducted in several countries to -

determine effects of water storage on spent fuel. Some of these programs will
include periodic surveillance of the fuel for as long as required, utilizing
non-destructive and metallurgical methods.

IV.D.4.3.1.1 U.S. Department of Energy Fuel and Fuel Pool
Component Integrity Program

Pacific Northwest Laboratory (PNL, operated for the Department
by Battelle Memorial Institute) is conducting a program to investigate spent
fuel integrity, including metallurgical examinations of Zircaloy-clad Ship-
pingport fuel (20-year storage), stainless-clad PWR fuel, typical PWR Zirca-
loy-clad fuel, fuel with reactor-induced defects, and eventually high burnup
Zircaloy-clad fuel from ongoing demonstration programs (70).

The first phase of the United States program centers on

examination of fuel assemblies selected for long-term surveillance. The

selected assemblies have generally had prior examinations to define effects of
the reactor exposure. They will now be examined to determine whether deterio-
ration has occurred during water storage. The assemblies will then be subject

to periodic long-term surveillance by visual, non-destructive and destructive
methods for as long as required, to determine whether significant deteriora-
tion is occurring. Once the Department builds or accepts custody of one or
more AFR's, this nucleus of surveillance assemblies will be stored there.

Additional assemblies in the AFR inventory will be identified for inspection
by random selection, to supplement the " nucleus" surveillance program. If

evidence were to develop that fuel assembly deterioration is occurring, the
number of supplemental examinations would be expanded and perhaps directed to
specific types of fuel.

. Investigations of some aspects of fuel assembly ~ behavior, such

! as fission product and crud desorption and behavior in transients are under
way as planned in foreign programs. The U.S. program intends to complement
and also to _ interact with the foreign programs, particularly BEFAST, (IV.D.4.

| 3.1.2) to provide ~a data base which addresses _ both immediate and long-term
needs of water storage technology.

|

|
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Another important and current aspect of the Department program
is to identify and address problem areas in the operation of spent-fuel pool
components, such as piping, racks, liners, and heat exchangers. Recent and
current action includes assessments of corrosion experience of spent-fuel pool
materials under conditions present in water pools, from the literature, tech-
nical meetings, and discussions with specialists. Further effort has included
acquiring and inspecting sections from spent-fuel pool components after sub-
stanti al pool residence. Some aspects of this activity are summarized in

IV.D.4.4.

IV.D.4.3.1.2 Behavior of Fuel Assemblies in Storage (BEFAST) Program

BEFAST is an international program, operating under the Nuclear
Energy Agency (NEA) of the Organization for Economic Cooperation and Develop-
ment. It was organized to provide international cooperation and information
exchange in the area of spent-fuel storage. BEFAST, in cooperation with the
International Atomic Energy Agency, is conducting a broadly based survey of
spent fuel storage experience (70). It also provides a forum for rapid dis-
semination of spent-fuel storage information.

Experimental aspects of the BEFAST program have been proposed.

Because of its recent incorporation under NEA (November 1979), the prospects
for cooperative programs remain to be explored in detail.

The Pacific Northwest Laboratory represents t he Department of
Energy on the BEFAST committee.

IV.D.4.3.1.3 Canadian (Atomic Energy of Canada, Ltd) Program

Canadian spent-fuel surveillance includes a program at Chalk
River Nuclear Laboratories to periodically examine 140 Zircaloy-clad nuclear
fuel rods (82). The first examinations were conducted in 1978 on spent fuel
from several Canadian reactors. Some of the fuel had been stored since 1962
ard 1963. Based on the absence of detectable cladding deterioration, the

.
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investigators suggested that water storage of the fuel over a period of 50
years should present .no problem. The - Canadian program presently calls for
further fuel examinations on a 5-year schedule through 1995.

Other aspects of the Canadian program include investigations of
potential degradation mechanisms under fuel storage conditions. Of particular
interest is a study of the likelihood that fission product iodine would cause
Zircaloy' cladding to degrade on the interior surface. To date their studies
suggest that cladding failure from this source is unlikely.

IV.D.4.3.1.4 Federal Republic of Germany (FRG)--Kraftwerk Union Program
and WAK Program

Kraf twerk Union is, conducting a spent fuel surveillance program
which includes the following elements (78, 84, 89).

I 1. Non-destructive examination of PWR Zircaloy-clad
| fuel with a burnup of 39,000 mwd /MTU and about 4
! years in-pool, followed by future periodic
! examination. Future metallurgical examinations

are possible if non-destructive testing suggests
|- that deterioration is occurring.

2. Periodic surveillance on ten Zircaloy-clad rods
,

with reactor-induced defects. After 3 years in

.

storage no change in defect size' has been
detected.i

3. Determination of radiolysis and fuel defect
effects.

At the WAK reprocessing demonstration > plant at Karlsruhe, a PWR

fuel assembly (29,000 mwd /MTU) is annually removed to a hot cell and ' inspected -
(84, 89) . Af ter 6 years there is no visual evidence of cladding deteriora-
tion. There was no evidence of defect deterioration or U0, leaching on a

-

BWR fuel assembly (19,800 mwd /MTU) ~ with a defective rod, . after 5 years of

j water storage.

1
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IV.D.4.3.1.5 United Kingdom Program

As part of the data base developed for the Windscale (United
Kingdom) reprocessing hearings, the following spent fuel was examined metal-
lurgically (83, 86):

1. A Canadian Zircaloy-clad fuel bundle (6,500 mwd /-
MTV) was examined after 11 years in . pool stor-
age. There was no evidence of pool-induced
corrosion or orther degradation.

2. Three BWR Zircaloy-clad rods (20,000 mwd /MTU, 6 |
years in-pool) and three PWR rods (33,000 mwd /
MTU, 5 years in-pool) were examined. Again,
there was no evidence of pool-induced degradation.

3. A Zircaloy-clad Steam Generating Heavy Water
Reactor (SGHWR) fuel assembly containing two
failed rods- was placed in a closed can after a
burnup of 1,900 mwd /MTV. After 9 years, the
radioactive materials contained in the water
inside the can had risen to ImCi ( 5 ppm of
137 s). A detailed hot-cell examination of theC

defective fuel rods indicated only small
increases in fuel rod diameter - at the defects,
with no evidence that a U0

2 - U 0 .dence38 conver-
sion was occurring. There was no evi of
poolinduced degradation on the Zircaloy cladding
or on the stain-less-steel spacer. Some mild
corrosion of ferritic steel mandrels had occur-
red.. Non-destructive examinations also were
performed on fuel rods from the assemblies
described above.

IV.O.4.3.1.6 Summary of Results of Water Pool Storage Investigations
~

In suninary, there is no evidence, either by visual observa-
tions, by radiation monitoring of pool air and water, or by metallurgical or
non-destructive examinations cited. above, that Zircaloy-clad water reactor
feel is degrading in pool storage, including fuel with up to 20 years of pool
residence.

Further evidence of excellent . aqueous corrosion resistance of
irradiated Zircaloy-clad fuel comes from the following cases:

l
|
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1. Canadian Zircaloy-clad assemblies were returned
to a reactor af ter 10, 9, and 5 years, respec-
tively, in pool storage (15). The fuel performed

~ satisf actorily at : power ratings near those in the
Pickering reactor (4.2 kW/m).

2. Eight Zircaloy-clad fuel assemblies loaded into
- the NPD reactor in 1963 are still operating sat-~

isfactorily at the reactor primary conditions
(90). Two assemblies examined after 3,000 hours
had developed only 3 to 5 pm of oxide.

3. Another Zircaloy-clad fuel assembly examined
after 17 years in the Shippingport reactor

(burnup )of 40,000 mwd /MTU) had developed ~20 pm(maximum of oxide and no other evidence of
degradation (87).

One stainless-clad PWR rod was examined for the Windscale hear-

ings without seeing evidence of degradation after 3 years in-reactor and 5
years in-pool . Only two United States PWR's and one small BWR use' stainless-

clad fuel. While the fractional inventory of stored stainless-clad PWR fuel
is relatively small (less than 10% of the U.S. spent-fuel inventory), the
number of U.S. assemblies was 1,475 as of mid-1979, appearing to justify some
additional surveillance under the United States program. Approximately 850

stainless-clad LWR assemblies were stored in foreign spent fuel pools as of
mid-1979.

Under the Department of Energy Fuel Integrity Program at PNL,

| negotiations are in an advanced stage to acquire a stainless-clad PWR fuel
assembly _for near-term and long-term surveillance. The negotiations also
include access to information from' two ' other stainless-clad fuel assemblies
which are scheduled for examination in the next few months.

The. above evidence is ' positive, but preliminary. It wil.1 be
augmented by' spent-fuel surveillance activities which are under way in several
countries as outlined above.
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IV.D.4.3.2 Dry Storage Investigations

The Canadian spent fuel program has included a dry storage
demonstration at the Atomic. Energy of Canada Whiteshell Nuclear Laboratories.
One hundred thirty-eight irr'adiated Zircaloy-clad fuel assemblies from the
WR-1 and Douglas Point reactors were encapsulated in steel ' canisters and
placed in an air storage demonstration test _in late 1975. Another 360 spent

fuel assemblies from the Douglas Point reactor were placed in air storage
beginning in mid-1976 (85). The encapsulated assemblies ' are operating .suc-
cessfully.

In connection with the Karnbranslesakerhet (KBS) study of the
disposal of spent fuel, Swedish investigators have developed both theoretical
and experimental concepts for encapsulating spent fuel for final disposal

under dry conditions (88).
U.S. programs have included evaluation of. dry storage cor,mpts

using electrically heated fuel assembly . simulators (31). More r2cently,

spent-fuel assemblies from the Turkey Point reactor (PWR) have been placed in
dry storage demonstration modules (91). Current assessments suggest that dry
storage of spent fuel can be accomplished successfully.

In summary, there is existing technology to encapsulate. defec-
tive spent fuel for storage in spent-fuel pools if required. -There also is a
preliminary, but substantia, data base emerging for fuel encapsulation for dry
storage. Either concept provides a backup position if unexpected deteriora-
tion were to develop on pool-stored fuel.

IV.D.4.4 Possible Impacts of Other Research and Development

Behavior o'f spent-fuel components is a secondary, though impor-
tant consideration in spent-fuel management. In 35 years of experience, stor-
age racks, pool liners, grapples, etc., have presented minimal operational

problems.

Another consideration relevant to ' spent fuel' storage. 'is - the
behavior of fuel _during reactor residence. Extended burnup.is being investi-
gated to improve uranium utilization. Also, programs are in progress. to

'

-
-

'

'
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reduce the incidence of reactor-induced fuel- failures. Programs relating to
spent fuel component behavior and in-reactor behavior of nuclear fuel are
indicated below.

IV.D.4.4.1 Programs Relevant to Spent-Fuel Pool Component
Integrity (Racks, Liners, and Piping)

The Department's program includes investigation of spent fuel
pool component behavior (70). Under current investigation is an intergranular
cracking phenomenon which developed at field welds in Type-304 stainless steel
piping in PWR spent-fuel pools. Investigations of the cracking phenomenon
also are being conducted under programs sponsored by the Electric Power
Research Institute.

Current definition of the cracking phenomenon is summarized
below:

1. The crnks develop in weld-heat affected zones of
304 sta'nless steel pipes in spent fuel pools.

| 2. The cracks propagate from the inside (coolant)
surface by an intergranular mechanism.

3. The cracking appears to be confined to pipes
where the boric acid solution was stagnant over
extended periods.

4. The cracking appears to occur in pipes with rela-
tively high carbon levels ( 20.065 wt. % C),
where sensitization during weld heat cycles is
most likely to occur.

The question of whether similar cracking might occur on welded
304 stainless steel fuel storage racks was explored at the Zion Reactor rerack
hearing. An electrochemical inspection of. welds on the . Zion racks suggested
that weld sensitization was below levels which have been found to promote in-

'

tergranular stress corrosion cracking.
Two Type-304 stainless steel rack sections, exposed to boric

acid chemistries in PWR pools, were examined metallographically at PNL (70).
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A section from a standard shop-welded rack had no evidence of corrosion attack
after 6-2/3 yr in a boric acid pool. A poorly made weld on a rack stand had a
shallow (0.001 to 0.003 in, deep) intergranular attack after 1-1/2 yr in a PWR
pool. However, there was no evidence of stress corrosion cracking.

The PWR pipe crack problem appears to have marked similarities
to cracking which has developed in Type-304 stainless steel pipes in BWR's .at
higher temperatures. . The parallels between the two cases are being explored.
Much information regarding the cracking phenomenon and how to avoid it may
already be available from BWR studies. -

To this point, the consequence of the PWR spent-fuel pool pipe
cracking is that some pipe sections have been replaced (with less-sensitiza-
tion-prone Type-304L stainless steel).

,

Studies sponsored by the Department program and by the Electric
Power Research Institute are under way to better define the cracking mecha-
nism, including the important factors. The studies include Constant Extension
Rate Testing (CERT) to investigate combined effects of stress and environment
under controlled conditions. Also, probes are being installed in spent-fuel
pool piping at a PWR to monitor possible corrosion-inducing conditions in
stagnant and flowing coolant. The programs planned and in progress are
expected to provide a basis for recomendations to fuel pool designers and
cperators which will allow selection of materials and operating regimes to
avoid the cracking problem.

Fuel component investigations also are being conducted under ,
foreign programs. The KWU program has included examination of a fuel handling
machine exposed to boric acid pool chemistry for 12 years. Complete disassem-

-bly indicated that the stainless steel components were still in excellent
condition and .they were reused. Investigation of fuel rack material corrosion
at the WAK pool (89), Karlsruhe, Germany, indicated satisfactory behavior.

_

l

'
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IV.D.4.4.2 Programs Relevant to Definition of In-Reactor ;
5 pent-Fuel Behavior

Several studies . are under' way in the United States and else--
where to investigate' extending burnups on LWR fuel into the range of 40,000 to
60,000 mwd /MTU. Mentioned earlier was a joint Spanish-U.S. program which suc-
cessfully irradiated Zircaloy-clad fuel rods to 62,000 mwd /MTU (71).

Other high-burnup and fuel improvement programs are being spon-

|_ sored in the United States by the Department (67) and Ithe Electric Power-
' Research Institute (69) in cooperation with fuel vendors, utilities,'and 're ' r

I search laboratories. Maximum burnups now projected for near-term demonstra-
tion fuel are 55;000 mwd /MTU. The Department's Spent-Fuel and Fuel' Component g

Integrity Program will closely follow results of high-burnup fuel examinations .
for developments relevant to spent-fuel storage. Plans are under way to even-

tually accept custody-of one or more -high-burnup fuel assemblies for long-term
,

I

| surveillance which would define storage characteristics of highburnup - fuel.

!. Unusual storage behavior of high-burnup Zircaloy-clad fuel is not antici- 4

! pated. However, the surveillance activities will provide a basis to assess
i highburnup fuel storage behavior before significant inventory = of highburnup
j. fuel develops.

! ,

| Several programs are in progress in this country and elsewhere-
'

to improve performance of nuclear fuel, including suppression of fuel tfailure 'i'

j mechanisms (92). Failed fuel contributes to' fission product inventories in?

I spent-fuel pools, so minimizing in-reactor; fuel failures has- benefits for
i

spent-fuel pool operations.

IV.D.4.4.3 Materials Studies Relevant to Long-Term Integrity of-
Spent-Fuel Cladding-and Other Spent-Fuel Pool Materials-

*
1

Many. organizations -such as universities andiresearch l' borator' -a -

i les conduct. basic - corrosion ~ studies. Numerous - studies ~are relevant. to' spent-
,

fuel pool , regimes and materials',L but few studies have been -intentilonally;di-
rected tofspent- fuelj pool' technology . because: the water storage Lenvironments

"
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have caused very few significant corrosion problems. Recently some university
and research laboratory support has developed to gain further understanding of
stainless steel pipe cracking in PWR spent-fuel pools.

Corrosion has not been a substantial source of problems over
the 35 years of pool storage experience. However, it now seems appropriate to
direct some research capability to investigate and possibly anticipate corro-
sion problems in this important and rapidly expanding area of nuclear

technology.

IV.D.4.5 Surveillance of Fuel in Storage and Corrective Action

Monitoring of spent fuel in storage is a significant aspect of
developing continuing assurance of safety of extended (40-50 years) water
storage. Monitoring includes visual inspections, radioactivity monitoring,;

pool chemistry, and non-destructive and destructive examinations of fuel and
fuel-pool components.

There are existing procedures to deal with routine and nonrou-
tine releases of radioactive species in spent-fuel pools.

t

IV.D.4.5.1 Methods to Monitor Spent-Fuel Cladding and Other Pool Materials

Spent fuel integrity is monitored by non-destructive (93) and
destructive examinations (see IV.D.4.3) to assess physical, chemical, and
mechanical characteristics. Specific problems that have arisen with fuel in

operating light water reactors (e.g., hydriding of Zircaloy cladding, fuel

densification, oxide formation, fuel pellet-cladding interaction) were identi-
fied by non-destructive examinations at spent-fuel pools. Areas of interest
during non-destructive examinations include (i) indications of possible areas
of cladding degradation and (ii) the behavior of defective fuel. Destructive
examinations are performed to thoroughly characterize the condition of spent
fuel and to supplement and/or verify the results from the non-destructive

examinations. Typical non-destructive inspection techniques are listed in

Table IV-14.
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Table IV-14. Inspection Techniques Involved in
Non-Destructive Examination of Spent Fuel

Inspection Techniques Used On
Inspection Technique Fuel Assembly Fuel Rod

Visual:
Optical x x
Photography x
Television x x

Dimensional:
Profile x

i Gaps x x

| Lengths / widths x x

Weighing x x

Leak testing x6 xb
~

Gama scan xc x-,

Eddy current x

Ultrasonic. x

Gama flux x

Neutron flux x

:

.

aBy sipping methods (wet, dry, hybrid, vacuum).

bBy sipping or other method (e.g., helium pressurization).

cSometimes corner rods are gama scanned while the rods are
still in the 'uel assembly.

,
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Destructive examinations are generally performed on - fuel rods
in hot cell facilities. Typical inspection techniques involved in destructive
examinations of irradiated fuel are listed in Table IV-15.,

Non-destructive and destructive methods also are applied to
monitor the condition of spent-fuel pool components. Ultrasonic non-destruc-
tive testing has been applied to identify actual and incipient cracks in
spent-fuel pool piping. Sections from spent-fuel pool components have been
investigated by metallography for evidence of corrosion (70). Both nondes-
tructive and destructive (metallurgical) monitoring procedures will continue
to be applied to spent-fuel and pool components.

Table IV-15. Inspection Techniques Involved in
Destructive Examination of Spent Fuel

Visual (optical / photography)
Dimensional:

Lengths / widths
Profilametry

Fission gas analysis:

Composition,

Percent release
Fuel rod internal pressure -

Meta 11ography of cladding

Ceramography of fuel'

Autoradiography (alpha and beta-gamma)

Cladding hydrogen analysis
Electron microscopy
Actinide assay
Burnup analysis

Cladding mechanical property testing
Leaching rates of fuel and fission products from exposed fuel |

|

i

)'
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IV.D.4.5.2 Procedures to Handle Radiation Releases in Spent-Fuel Pools

Both dissolved and particulate radioactive species are released
to spent fuel- pool water, either from the fuel surfaces or from mixing of

reactor pool and fuel pool waters. Methods are available to minimize the
consequences. Small amounts of airborne activity are released from the pool
water surface, particularly during refueling at reactor pools and when pool
temperatures rise substantially. Dissolved and particulate species are re-
leased from spent fuel during handling and storage.

Routine procedures are applied to minimize both dissolved and parti-
culate species in the pool water:

1. Ion exchange to remove ionic species.

2. Filters to remove particulate species,

| 3. Skimers to remove material from the pool surface.

4. Vacuum cleaners to remove particles from the pool
floor.

These procedures result in routine radioactivity concentrations

of 10-3 pCi/ml at reactor pools except during fuel discharges and 10-4
to 10-5 pCi/mlatAFR's.

Gas hoods have been devised to channel gases away from the pool

staff if a cladding failure were to' develop in the . pool. To date they have'

not been needed for water reactor fuel, because in-pool failures have not
materialized.
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IV.D.4.5.3 Alternative Procedures if Problems Eysntually Were to
Develop.With Fuel in Water Storage

'

- Although there is no evidence available so- f ar to indicate that .<

|backup provisions |'will 'be required for water pool storage, such backup, ist :
~

available if necessary. Encapsulation of spent' fuel- prior to introduction to ~

storage has been practiced and information is available concerning the behav -
ior of the encapsulating material in the water pool environment 1 ,

In the case of in-reactor- defects, operators - h&ve found that
1the fuel stores _satisf actory without; encapsulation (77). This is due to the.

fact that -the gaseous radioactive inventory has -discharged in-reactor. Pid
hole defects i.end to shrink or close on cooling. Leach rates are relatively

~

low at the' small number of defects where pellets are exposed.
If cladding failu'res were to occur on pool-stored fue), .need.

for encapsulation would be a major consideration, .though not a foregone, con- ,

clusion. The need would depend on the. failure' types, the species, and' the .
amounts of isotopes released, and the' number of failures which' were antici-
pated. In-pool failures have occurred on ' Magnox fuel, stainless-clad - gas'
reactor fuel -(86), and on defective Zircaloy-clad metallic uranium fuel (15),
without preempting pool operation. Swedish investigators intentionally .
drilled into a fuel rod to determine the amount of' radioactive gas which would
be released if a fuel rod failed during underwater handling operations. The

actual gas release was extremely small (80)'.
Encapsulation isolates the fuel from the . pool water.- Th ?en-

capsulation can either be- dry-in-wet . (fuel. dry inside a pool-stored can) or
.

wet-in-wet (fuel wet -inside. pool-stored -can).- Basic studies to confirm long
term adequacy of 'the procedure,' such as radiolytic effectis inside .the wet-in-
wet cans, are in progress -(78). Defective; Zircaloy-clad fuel showed'no un-
usual behavior af ter 9 years inside a water-filled can (83)..

Materials studies alsoiare7being directed to final ' disposal of. >

encapsulated spent . fuel. Some'. individual. spent- fuel rods have. been *placedLin

air storage,ci_ncluding relatively fresh rods with burnups up to 62,000 mwd /MTU
(Zorita ' fuel stored _ in ; Spain) . ' Entire: bundles have been : stored. dry for time
spans of-months or years in the' United: States.:and Canada without problems.

T
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The need for a large-scale emergency encapsulation program for
dry storage of spent fuel seems remote. If degradation were to develop it
seems likely to do so slowly under the low temperatures characteristics of
fuel pools, providing time to identify and implement a rational response.

|

IV.E SUMMARY OF TECHNICAL BASIS FOR CONFIDENCE THAT |

SPENT FUEL CAN BE STORED IN A SAFE AND ENVIRON-
MENTALLY ACCEPTABLE MANNER

The preceding discession in Part IV has described the technol-
ogy of water. pool storage of spent fuel, has reviewed the performance require-
ments of water pool facilities and how these requirements are met, and has
discussed the background of information on operational experience with water
pool storage. These considerations are basic to a principal issue in this
proceeding: Can spent fuel be stored safely and in an environmentally accept-
able manner, and if so, can such storage be safely extended until a respost-
tory is available? The abundant evidence cited in IV.8, IV.C, and IV.D con-
firms the adequacy and safety of extended storage of spent fuel in a water
pool environment. The following points summarize the basis of this conclusion:

1. The technology of water pool storage of spent
fuel is not only available but is well establish-
ed through more than 30 years of work at govern-
ment and industrial facilities. . Dry storage of

Ispent fuel by several different techniques has
been the subject of a significant level of re-
search, development, and demonstration, and prom-
ises to be a technically viable alternative to
water pool storage. Thus, there are a number of
technically suitable alternative methods of
spent-fuel storage' in existence at the present
time.

I

2. The regulatory framework, industry standards, and
design requirements for the water pool storage of
spent fuel currently exist.

! 3. The licensing of water pool storage of spent fuel
!has been practiced routinely by the Commission

and its predecessor agency for nearly 20 years
and is being practiced at the present time.-

-

!

'

t
I

IV - 72



!

|

| 4. Zircaloy-ciad spent fuel has. been' stored under
water for periods up to 20 years, and stainless

i
' steel-clad fuel has been so . stored for periods up

to 12 years, with no -evidence of degradation as a
result of such storage. Studies of the corrosion

. aspects of water pool storage indicate that there
' are no obvious degradation mechanisms which oper-

i. .e on the cladding, at rates which would be
expected to cause failure in the time frame of 50
years or longer. Moreover, in the unlikely event
that severe deterioration of the cladding were to
develop, the. spent fuel could be encapsulated to
provide the necessary -integrity for indefinite
storage.

IV.E.1 Storage in At-Reactor Facilities

i

Because much of the experience in handling and' storage of spent
fuel has been gained at reactor sites and much of the technical data discussed
in this part was acquired in studies at reactor storage pools, there is no

reason to doubt the technical adequacy of existing and planned reactor storage'

pools. For this reason, continued storage' of spent fuel at reactor sites

would be acceptable, even if such storage should be required for a period
j beyond the time of expiration of the reactor operating license. This conclu-

sion is based on the following considerations:

1. Water basin storage at reactor sites involves the
same kinds of considerations as those set forth
above with respect to

a. Performance of ' fuel under extended storage
conditions.

b. The benign character of the storage activity
relative to radioactivity releases, radiation
exposures to plant ' workers and the public,
accident evaluations, and other safety

.

aspects.

Waste generation during the course of' storage,c.

d. Facility requirements. |
1
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2. Facilities in existence and those under construc-
' tion at reactor sites are designed and construc-
ted to more. rigorous standards than would be
required under proposed 10 CFR 72.

3. The environmental impact of continued storage of
spent fuel at reactor sites has been evaluated by
the Nuclear Regulatory Commission (1) and found
to be acceptable. No time-dependent factors
adversely affecting long'-term safety of such
storage have been identified.

4. Although there is some interdependence between
the spent fuel-pool and reactor operation at
reactor sites, this interdependence is limited to
the supply of utilities .and waste management
services. The fuel storage operation depends on
the reactor plant utility system for steam, cool-
ing water, deionized water, and handling of low-
level wastes, as well as for certain personnel
services such as health physics, safety, and
personnel. All of these could be continued rela-
tively easily following shutdown of the reactor.

5. There is no technical reason why spent fuel can-
not be stored at the reactor site after reactor
operation ceases.

6. Such continued storage would remain under NRC
licensing authority.

IV.E.2 Storage in Away-From-Reactor Facilities

All points cited above regarding the confidence in water pool
storage generally are applicable to AFR storage systems. Therefore, there is

sufficient technical information available that AFR spent-fuel storage facili-
ties can be built and opdrated in a manner which is both safe and environmen-
tally acceptable, and which otherwise meet the goals set forth . in IV.A. The

information presented in IV.B, IV.C, and IV.D and summarized above ' demon-
strates that large AFR spent-fuel storage facilities can. be constructed and
operated to meet necessary safety requirements with a minimum impact on the
environment, and in compliance with applicable regulations.
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V PROGRAM FOR PROVIDING AWAY-FROM-REACTOR STORAGE FACILITIES

This part describes the program which has been developed and is
being implemented by the Department of Energy in order to be able to : receive
and store on a timely basis spent fuel ' rom comercial reactors in government-4

owned or controlled away-from-reactor . ( AFR) storage facilities. This manage-

! ment plan includes consideration of:

1. AFR storage requirements.

2. IEstitutional issues.

I 3. Method of implementation . of government AFR pro- ;
; jects and the schedule therefor. !

4. Costs associated with the'' acquisition and con-
struction of AFR storage facilities.

!"

In 1977, the Department initiated a program to determine the '

amount of storage capacity that might be required and to determine the best
method for meeting such requirements (1). The President's statement of 12
February 1980, establishing a comprehensive radioactive waste management pro-
gram (2), emphasized that the storage of commercial spent fuel is primarily4

'

the responsibility of the electric utilities, but - that a limited amount of
government storage capacity would provide an alternative to those. utilities
which are unable to expand their storage capabilities.

In December 1977, the Department requesten from - industry ex-
pressions of interest in providing spent-fuel storage services to the Depart-:

ment. After reviewing these responses, it was concluded that commercial stor-;

age services were not reasonably available without guarantees and comitments
equivalent to those - provided by a government-owned facility. The Department .

I thus decided that it would either acquire or construct its own storage facil-.
' 1

ities. The Department- has - conducted a _ preliminary review (3) .of 19 government- 1

and 3 private storage facilities. A conceptual design and site survey of 50
.

government sites as possible locatiods~ for - a; new - AFR storage facility. also-

were completed. . After comparing storage requirements' with facility develop--,

'
ment schedules, however,.it was clear that'only existing' facilities could meet

.
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near-term requirements, because a new storage facility could not be designed,
licensed, constructed, and made available until approximately 1989. Based on

these studies, the following three locations were identified as options for
potential near-term use:

1. General Electric Midwest Fuel Recovery Plant,
Morris, Illinois.

2. Allied General Nuclear Services Facility, Barn-
well, South Carolina. <

3. Nuclear Fuel Services, Inc., West Valley, New
York.

4

Also in late 1977, the Department commenced a comprehensive
examination of the prospective needs of U.S. utilities for AFR storage. Since

that time, a dialogue has been continuing between the Department and the util-
ities with respect to AFR storage needs and the schedule therefor. The

Department has encouraged the utility companies to maximize the use of spent-
fuel storage facilities at nuclear power plants in order to minimize the

amount of AFR storage capacity that will be needed.

V.A STORAGE CAPACITY REQUIREMENTS

I
,

In developing a plan providing for prospective AFR storage
needs, the Department has_made a series of determinations regarding the amount
of spent fuel that would be discharged from U.S. nuclear power reactors in
excess of that which could be stored on-site ~ at individual reactor storage

i facilities. The Department's program for determining AFR spent-fuel storage
requirements focused first on obtaining the necessary data from the utility
industry, and second on the preparation of a computer model to-assist in ana-
lyzing the _ data. - The information obtained from the utilities ' included the
following:

1. The number .of reactors presently operating, under -
construction,> or comitted to be constructed,
along with various opct ating assumptions, such as
plant factor and fue.i ot.rnup, from which a total
spent-fuel' discharge-schedule could be computed.

-
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2. Present and planned capacities of spent-fuel
storage basins at _ reactors, together with an
analysis of capabilities and plans for expansion
of this storage capacity.

3. The utility plans for transshipment * of spent
fuel between reactors and the utility philosophy -

with respect to maintaining reserve storage capa-
city for an entire fuel core.**

The Department's analysis of AFR storage requirements also has
.

taken into consideration the quantity of foreign fuel that might be delivered
to the United States for storage under the President's October 1977 spent fuel
policy.

In February 1979, the Department published a report entitled
" Spent Fuel Storage Requirements--The Need for Away-From-Reactor Storage"
(4). In June 1979, the Department received an update of information from the
utilities and published the results thereof in February 10 0 (5).

Using the aforementioned information as a base, the following
i paragraphs describe the projections of nuclear power growth and the arnount of

spent fuel expected to result therefrom, the requirements' for AFR storage of
spent fuel, and the sensitivity of such requirements to changes in the pro-
jected growth of nuclear power. The sensitivity of AFR storage requirements
to the disposal issues are discussed in Part VI.

~

V.A.1 Nuclear Power Growth and Spent-Fuel Discharges

Table V-1 shows a forecast of nuclear power growth through 2010
and an estimate of the cumulative quantity of spent fuel which will result
therefrom.

* Transshipment consists of shipping spent fuel from one reactor of a utility
company to the site of another reactor of the same type owned by the same
company for the purpose of storage at the second reactor site.

C*It is a desirable operating practice to reserve space in a reactor's spent
fuel storage pool to permit at 'any time the discharge of all the fuel con-
tained in 'the reactor into the pool so that- the core internals can be in-
spected or repaired, if necessary..
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Table V-1. Nuclear Power Growth Projections and Spent Fuel
Discharges for-the Period 1980-2010

Nuclear Capacity Cumulative Discharges
Year- (GWe) (1000s MTU)

1980 56 7.5
1981 61 9.1
1982 76 10.9
1983 92 13.1
1984 104 '(5.7
1985 125 18s7,

'

1986 136 22.'3
1987 148 26.2
1988 155 30.4.

1989 160 34.8
1990 171 39.4

-1991 186 44.1
'

1992 197 49.0
1993 207 53.9
1994 213 .60.54

1995 224 66.3
1996 234 72.5
1997 245 78.8
1998 255 85.5
1999 266 92.5
2000 276 99.7
2001 294 107.2
2002 312 115.0>

2003 330 123.3
2004 348 '132.2-
2005 366 141.4
2006 '384 151.1
2007 402 161.3
2008 420 171.8
2009 438 182.9
2010 456 194.4

In . Table V-1, the projection of nuclear growth through 1994 is-
based on reactors currently operating, under construction, or. committed. ~This~

' -pro ection is consistent with the - high gr'owth projection. in the Energy Infor-j
_

mation Administration (EIA) Annual-Report to Congress'(6).
The projection of nuclear - growth from '1995-2010 is based on

annual additions of 10.5 GWe for 1995-2000 ~ and 18.0 GWe ' for 2001-2010. These

values are based on extrapolations from the EIA report.
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Most of the spent fuel discharged as shown in Table V-1 will be
stored in reactor storage pools. The AFR storage requirements associated with
these discharges are discussed in V.A.2. Spent fuel discharges and corres-
ponding AFR storage requirements for a lower nuclear growth rate are discussed
in V.A.3.

V.A.2 Away-From-Reactor Storage Requirements

The requirements for AFR storage capacity are dependent on
utility plans for on-site storage capacity at reactors, the extent of trans-
shipment of spent fuel between reactor basins, and utility philosophy for

reserving a full core discharge capacity in the reactor storage pools. The

! Department's staff has examined the prospective ranges of storage requirements |

resulting from variations in these factors and has developed several scenarios
for AFR storage f acility planning. These cases represent a series of projec-
tions of AFR storage requirements which cover the expected range of prospec-
tive AFR needs in the future. Table V-2 lists six cases of interest, and

Figure V-1 shows the corresponding AFR storage requirements.

Table V-2. Cases of Interest

CASE I - Licensed Expansion Plans
No Transshipment

CASE II - Licensed Expansion Plans
Intra-utility Transshipment

CASE III - Current Expansion Plans
No Transshipment

CASE IV - Current Expansion Plans
Intra-utility Transshipment

CASE V - Maximum Expansion
No Transshipment

CASE VI - Maximum Expansion
Intra-utility Transshipment

V-5
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The highest AFR storage requirement results from the assumption
that there will be no -further expansion of reactor storage pool capacity be-
yond that currently licensed and that no transshipment of fuel between re-
actors will take place (Case I). Such a situation would result if there were
a restriction on fuel . storage at reactors and on shipping between reactors.
Conversely, the lowest AFR storage requirement results from the assumption of
transshipping and the maximum expansion of reactor storage pools (Case VI).-

Of the six cases of interest in Table V-2, three are of partic-
ular significance to the Department spent fuel storage program:

1. Case III is based on the utilities expanding
their storage pools according to their current
plans; it does not assume transshipment between
reactors, unless transshipment is actually occur-
ring. This case represents a reasonable upper
bound for planning. purposes.

2. Case V assumes that the utilities expand -their
reactor storage pools to the maximum capability
they have estimated. As in Case III above,
transshipment is not assumed unless it is act-

,

ually occurring. Recent information from the |

utilities confirms that this case best represents
the situation likely to . occur. Most utilities
are moving toward maximum expansion of their
existing reactor storage' pools; however, many
have indicated that transshipment should not be
included in the base case planning. Hence, the
maximum expansion-no transshipment case has been
chosen as the basis for planning purposes. ,

3. Case VI involves the same expansion plans as Case-
V (i.e., maximum expansion), but assumes trans-
shipment of fuel between; the same types of re-
actors (PWR or BWR) belonging to the same util-
'ity. This case is used as a lower bound for
-planning' purposes.

These three cases are shown graphically in Figure V-2.

.

~
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Upper Bound --Current expansion plans, no transshipment
Base Case --Maximum expansion, no transshipment

Lower Bound --Maximum expansion, intra-utility transshipment
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Figure V-2. Range for Away-from-Reactor Requirements for Planning Purposes
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In view' of both the trend of utilities to expand the capacity
of their. reactor pools as much as possible through reracking and the uncer-
tainty of the extent . to which intra-utility shipments could be ' utilized,

Case V (maximum expansion with no transshipment) is a prudent basis for plan-<

ning purposes. Table V-3 shows the cumulative AFR storage requirements for
this case through 2010, based on the nuclear growth projection set forth ir
Table V-1, assuming that no repository is available by that time.

Table V-3. Cumulative Quantity of Spent Fuel in Excess
of At-Reactor Storage Capacity

Maximum Utility ;

i Expansion Plans
No Transshipment.

Year Domestic Fuel

1983 0.4
1984 0.5
1985 0.8
1966 1.0
1987 1.5
1988 2.0
1989 2.5
1990 3.3
1991 4.3

4

1992 5.5
1993 7.0
1994 8.8
1995 10.9

1 1996 13.3
1997 16.1
1998 19.2
1999 22.7
2000 26.3
2001 30.3
2002 34.5
2003 38.5'
2004 44.8
2005 49.5
2006 55.1 -

l2007 60.5
2008 67.8'
2009 72.5
2010 79.0

l

<
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Figure.V-3 shows the cumulative projected amounts of spent fuel
(excluding foreign fuel) stored at reactor sites and at AFR storage facilities
during the period 1981-1995. From the information set forth in this figure,

it- can be seen that most of the spent fuel discharged from commercial nuclear
power plants will b stored by the utilities in reactor storage facilities,

with only a small percentage being stored at AFR storage facilities.
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ments'- The Need for Away-From-Reactor Storage, 00E/NE-0002, February
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V.A.3 Sensitivity of Storage Requirements to Nuclear Power
Growth Projections

The impact of a change in nuclear power projections on storage
requirements has been studied by the Department. A sensitivity analysis was

conducted in which a lower growth of nuclear electric generating capacity was.

assumed--186 GWe of installed nuclear capacity in the year 1995 (as opposed to
the 224-GWe capacity figure in Table V-1). This is consistent with the low
projection from the EIA Annual Report to Congress. The estimated quantities of
spent fuel to be discharged from reactors for this case are shown in Table V-4.

Table V-4. Lowest Growth Projection Case for Nuclear Power Capacity

Nuclear Cumulative
Capacity Discharges

Year (GWe) (1000's MTU)

1980 56 7.5
1981 61 9.1
1982 76 10.9'

1983 92 13.1
1984 104 15.7
1985 125 18.7
1986 136 22.3
1987 148 26.2
1988 155 30.4
1989 160 34.8
1990 168 39.2
1991 172 43.7
1992 175 48.3
1993 177 52.9
1994 178~ ~57.5
1995 186 62.3
1996 196 67.4
1997 207 72.8
1998 217 78.4
1999 227 84.3
200G 238 90.5
2001 256 . 97.2
2002 274 104.3
2003 292 111.7
2004 310 120.0
2005 328 128.5
2006 346 138.4*

2007 364 147.9
2008 382 157.8
2009 400 168.2
2010 418 179.1

V - 11
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The Department has analyzed actual utility data on maximum reactor basin re-
racking and found that the projected AFR requirements lag the spent fuel dis-
charges by about 13 years (the average storage capability of reactor storage
pools). However, it is possible that future reactors which can still change

the design of their reactor storage ' pools will provide more storage than cur-
rent generation reactors. Since the spent fuel which would be shipped to AFR

**
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storage facilities in the near term, is expected to be from reactors already
built or committed, the impact of the change in the nuclear growth projection
is not seen in the near term, as Figure V-4 illustrates. This means that the

near-term AFR requirements and early repository demands are unaffected by mod-
erate changes in the nuclear growth projections.

V.B INSTITUTIONAL CONSIDERATIONS

This chapter describes the institutional considerations involv-
ed in the development of the AFR storage capacities needed to meet the projec-
ted requirements for such storage, as described in the preceding chapter, and
the steps that are being taken by the Department to resolve the institutional
issues involved.

V.B.1 Regulation and Licensing

The principal regulatory decisions that must be made prior to
the licensing of new AFR spent fuel storage facilities concern the finaliza-
tion of NRC regulations and regulatory guides. NRC regulations and regulatory
guides have been issued in draf t form, comments have been received thereon,
and they are now in the process of finalization (7, 8). A Final Generic
Environmental Impact Statement has been issued by the Commission on spent fuel
storage activities (9). Draft generic environmental impact statement's on
spent fuel storage have been issued by the Department of Energy (10-13), com-
ments have been received thereon, and final statements will shortly be

issued. Thus there do not appear to be any impediments to prompt promulgation
of regulations affecting spent fuel storage or to prompt compliance with the
NEPA requirements that are. associated therewith.

Licensing of water basin storage of spent fuel has been, rou-
tinely practiced in the United States both at nuclear power plant sites and
reprocessing plant sites for nearly 20 years and is continuing (IV.D.1). The
proposed new regulations and regulatory guides affecting AFR storage facili-

.

ties are less rigorous than those currently applicable to reprocessing plants
and nuclear power plants because of the relatively benign nature (9, 11) of
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the storage activity involved (i.e., storage only, . in contrast to storage in
combination with the operation of a reactor or a reprocessing facility).
Using the existing knowledge which has been' gained through the past 30 years
of experience, AFR storage facilities can be engineered to meet the existing
and proposed regulations and any reasonable modifications thereto, including
those pertaining to the physical protection of facilities and the accounting

and control of nuclear materials.

V.B.2 Cooperation with States

The Department recognizes the concern of the States and plans
to follow a program of cooperation with States containing likely sites for new
AFR storage facilities. This program will explcin the nature of the facili-

ties and the operations conducted therein and encourage States to give mean-
ingful advice through consultation and participation in applicable proceedings.

Prior to initiating any action with respect to the siting of an

AFR storage facility in a State, the Department plans to contact representa-
tives of the governor of the affected State to solicit assistance and to

determine the degree and type of participation desired. Preliminary meetings
will be held with officials of affected States. The States will have the
opportunity to participate in hearin;s with respect to the siting of AFR stor-
age facilities. In addition to participation in hearings, other activities

(such as environmental and engineering studies at specific sites) will be
discussed with appropriate State officials. Cooperation with State officials
will involve providing detailed technical information to them and .giving care-
ful consideration to advice from them.

V.8.3 Congressional Authorization

Both Congress and the Administration recognize the prospective
need for AFR storage facilities.- Administration-sponscred bills (14), intro-
duced in March 1979, would authorize the Department to provide interim storage
of spent fuel from domestic and foreign nuclear power plants, including finan-
cing of the necessary facilities involved. These bills are currently under

consideration by.the Congress.

V - 14
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V.B.4 Implementation of the National Environmental Policy Act

The National Environmental Policy Act of 1969 (NEPA) (15), as
implemented by the regulations of the Council on Environmental Quality (CEQ)
(16) and the~ Department's guidelines (17), requires that the potential envi-
ronmental consequences of proposed actions be considered in the Department's
planning and decisionmaking. The Department has developed a NEPA implementa-

tion plan for the AFR storage program which will ensure the integration of the '
NEPA process into overall Department planning and decision making. The

Department's plan is based on the " tiered" approach, which is designed to
eliminate repetitive discussion of the same issues and to focus on the actual

issues ripe for decision at each level of environmental review. Under this
approach, general matters are covered in broad programmatic environmental
impact statements (EIS's) with subsequent narrower EIS's or environmental
assessments (EA's) incorporating by reference the analysis of general issues
and concentrating only on the issues specific to the subsequent decision.

Pursuant to its NEPA plan, the Department has prepared draft
EIS's on the vGrious elements of the President's policy for the storage 'of

,

spent fuel. Yhese draft EIS's, which were issued in December 1978 (11-13), |

analyze the generic environmental consequences of implementing a spent fuel'-
'

storage program and alternatives to such a program. Under the proposed spent
fuel storage program, the Department would take title to and store domestic
spent fuel at one or more AFR storage facilities pending the availability of a !

~

,

repository for ultimate disposal or of a reprocessing plant if a decision is |
1

made in favor of reprocessing in the future.
If a decision is made to implement the proposed spent fuel

storage program, the Department plans to prepare an AFR scent-fuel ' storage l
^

facility EIS which will provide environmental input into decisions on the

selection of f acilities to meet the projected near-term demand'fu, IFR storage
capacity. This EIS _ will analyze the need for the Departaent AFR capacity,
using the latest available data concerning utility plans -for expansion of
on-site capacity, compaction, transshipments, and the expected quantities of

~

spent fuel' discharges. As planned, this EIS will focus on. options for meeting
the near-term AFR storage requirements. _Such options are . limited to the use
of existing commercial f acilities, modified as necessag by reracking but with
no new construction.
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The site-specific envirenmental impacts, including transportation impacts, of
potential use of three existing comercial sites as Department AFR's will be
analyzed. These sites are the General Electric Facility at Morris, Illinois

(GE-Morris); the Allied General Nuclear Services Facility at Barnwell, South
Carolina (AGNS-Barnwell); and the Nuclear Fuel Services, .Inc., Facility at

West Valley, New York (NSF-West Valley).
In addition, the EIS will analyze the impact of not providing

AFR capacity to satisfy the projected near-term AFR storage requirements, but
rather delaying implementation of the program until new construction can be
completed. Department decisions for which this EIS will provide environmental
input are: (1) acquisition of. one or more of the existing commercial facili-
ties, (ii) adaptation of the facilities through reracking, and (iii) submis-
sion of licensing applications to NRC to operate the facilities _as AFR facili-
ties. In addition, the EIS will provide input to programmatic decisions on
which options to pursue to meet long-term AFR capacity requirements.

Subsequent EIS(s) will analyze the environmental impacts of
adding new facilities at existing sites and constructing new AFR facilities at
specific new sites to meet the long-term demand. This EIS will serve as input
for decisions on acquisitions of sites, construction of facilities, and li-

cense applications for the options analyzed.
The status of the repository schedule and spent-fuel storage

requirements will be- reviewed continually to ensure that as additional AFR
storage requirements are projected, appropriate NEPA analysis is begun to
serve as input for decisions on options to meet these additiona1' requirements.

In conclusion, the . Department's AFR management plan is struc-
tured to integrate NEPA requirements into overall program planning and deci-
sion making. Meaningful consideration of the environmental impact of all
reasonable alternatives at each stage of the decisionmaking process will be
assured. The Department believes that this-management approach will result in
the timely attainment of a safe and environmentally acceptable AFR program.

.
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' V.C IW LEMENTATION OF AWAY-FROM-REACTOR PROJECTS

This chapter describes the steps that the Department is taking-

to implement development of a government AFR. spent-fuel storage capability,
the availability of facilities for AFR storage activities, and the prospective
schedule for developing of AFR storage capabilitf.

V.C.1 Department of Enargy Organization

As noted in III.B.1, the President has given the Secretary of
Energy overall responsibility for integrating the Nation's nuclear waste man-
agement program. Within the Department of Energy, day-to-day responsibility
for the nuclear waste management program is assigned to the Assistant Secre-
tary for Nuclear Energy, who reports to the Undersecretary and the Secretary.
The Deputy Assistant Secretary for Nuclear Waste Management directs the Office
of Nuclear Waste Management (0NWM) and is responsible for executing policy and
managing all aspects of the nuclear waste management' program for both disposal
(the NWTS Program) and Storage. (See III.B and Figure III-1.) Within ONWM,
the Director of the Division of Transportation and Fuel Storage has overall4

responsibility for the Department's AFR spent-fuel storage program and pro-
vides guidance to the Spent Fuel Project Office on the policy to be followed
in the implementation of project activities. The Department established (in
November 1978) the Spent Fuel Project Office at its Savannah River Operations
Office, which has been assigned the prime responsibility for spent fuel pro--
ject management activities, including planning and execution functions.

The Department's AFR spent fuel storage program is directed
toward providing the capacity to store the spent nuclear fuel discharged from i

coninercial power reactors in excess of that which can be stored at reactor

storage facilities. The program is implementing the policy to accept and take'

title to spent nuclear fuel from the' domestic utilities and to store limited
j

amounts of foreign fuel when such action would contribute to meeting.nonproli-
feration goals. Management and implementation of government activities

related to the storage of spent fuel include the following:
|

|

1
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1. Managing' facilities, operations, and resources.-

2. Providing storage capacity.

3. Evaluating - and influencing interfacing systems
(utilities, transportation, repository).

4. Developing advanced fuel storage technology.
,

S. Managing the foreign fuel storage program.

The Spent Fuel Project Office has the responsibility to:

1. Identify and predict the needs for storage capa-
city, including evaluation of predictions by
others .such as the Nuclear Regulatory- Commission,
utility groups, and independent contractors.
Establish and maintain a current assessment of
foreign spent fuel storage needs, capabilities,
and plans.

2. Explore all options for spent-fuel storage, (both
existing options and future possibilities) which
requires developing information needed -to make
decisions on which options to pursue.

,

3. Evaluate and plan modifications to existing
! facilities and their operating techniques.

4. Identify ' and analyze space requirements for. the
storage of spent fuel.

~ 5. Develop and qualify technology related to spent
fuel = storage to fill gaps in existing technology.

6. Perform site evaluation ' studies to aid in site-
selection and qualification to maintain; construc-
tion of _ an. AFR storage facility as a viable op-

~

tion for. spent-fuel storage.
,

7. Review and recommend to the Director, Division of
Transportation and Fuel ~ Storage, approval of.
selection of ! architect ' engineers,' construction.
managers,.and operating contractors for-_AFR stor--

age facilities.

8. Ensure compatibility Lof AFR 'and geo. logic facili-
ties for storage and disposal of spent fuel.

iV - 18--
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9. Identify, anticipate, and cause to be resolved
safety and environmental issues related to spent-
fuel storage.

10. Evaluate the needs and capabilities of the utili-
ties and carriers to ship spent fuel.

11. Interact with the radioactive materials transpor-
tation industry, carriers, utilities, Nuclear
Regulatory Commission and other government agen-
cies, both Federal and State, to coordinate
licensing, transportation, and other activities.
Transportation activities will be coordinated
with the Department's Albuquerque Operations
Office and Sandia National Laboratories. (See
Part VI.)

12. Establish requirements for a quality assurance
(QA) program and ensure proper implementation of
the QA program by all prime contractors. Ensure
that the QA program is conducted in a format
acceptable to the ' Nuclear Regulatory Commission.

.

'

13. Maintain technical overview of project activities
by means such as periodic meetings, reviews, and
project reports, to ensure that AFR storage pro-
ject objectives are being met effectively.

14. Perform project administrative functions includ-
ing planning and scheduling, contracting, con-
tract administration, budget administration, and
cost control.

15. Establish and operate a business office to iden-
tify and support actions to obtain any new legis-
lative . authority 'for contracting with utilities
for the storage services and to collect and re-
vise -fees. The business office will identify
requirements for contracting for storage space in
private facilities as appropriate. In addition,

~ the business - office will collect fees, contract
with utilities, . operate facilities as appropri-
ate, ~ contract for decontamination and decomis-
sioning, and ship spent fuel to a geologic repos-
itory. The office . also will support the Depart-
ment in the contracting for storage space in'

private facilities.

,

V.- 19



_ __

Thus there is in place a management program, designed to pro-
vide and maintain an AFR spent-fuel storage capability once the necessary
funds are appropriated for full implementation of the Department's spent fuel
storage program.

V.C.2 Selection of Candidate Sites for Storage

There are three existing facilities that could be used in their
present or expanded form for AFR storage of spent fuel. These are the repro-
cessing facilities of GE-Morris; Nuclear Fuel Services, Inc. NFS West-

Valley; and AGNS - Barnwell. Both the GE and NFS facilities currently are

licensed to store spent fuel and in fact now are storing spent fuel. Although
the AGNS facility is not yet licensed to receive fuel, an environmental and.

licensing review has been performed on it. It appears that these three

existing sites would be suitable for spent fuel storage.
With respect to new AFR storage facilities, all the site selec-

tion criteria currently exist for such facilities (7, 18). Because of the

relatively benign nature of AFR storage facilities, mnny locations in the

United States would meet these technical criteria when the facilities are

specifically designed for a particular location.

V.C.3 Storage Facility Availability

The provision of AFR spent-fuel storage capacity in the near

term (8-9 years) will require the use of existing spent-fuel storage capac-
ity. Only the existing facilities at GE-Morris, AGNS-Barnwell, or NFS-West
Valley could be available to provide near-term AFR storage. The existing
available capacities of these facilities are approximately 350 MTU,- 400 MTU,
and 90 MTV, respectively-(19). The GE and AGNS facilities alone could provide
sufficient capacity to furnish the projected needs ,for storage capacity

through 1984. Barnwell could be reracked to provide a total of 1,750 MTU

capacity in 1984. If required, new storage facilities at existing sites or at
new sites could be brought on at a later date to meet long-term requirements.

V - 20
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Longer term requirements would necessitate cor.struction of new
AFR f acilities or the addition of new pools at existing sites; the Department-
estimates that a new. facility could be designed, licensed, constructed, and
operating in 83 months at an existing nuclear site or 95 to 98 months at a new
stand-alone site, as follows:

Step New Sites Existing Sites

Site selection 12 months

License preparation 15-18 months 15 months

NRC review 32 months 32 months

Construction and startup 36 months 36 months

Total 95-98 months 83 months

With these storage facility options, it is clear that firm

plans can be fashioned to provide limited storage capacity for the near term
and to meet future storage requirements as needed. The use of existing stor-
age facilities depends upon completion of negotiations of appropriate finan-
cial settlements with their owners. Existing facilities could be put to bene-

ficial use, small increments of capacity could be provided as needed, and a

growth potential would exist. Table V-5 sets forth a summary of the capaci-
ties of these facilities, the time required for expansion thereof, and the

estimated capital cost of expansion of the facilities.

The Department also is conducting research and development
programs on methods of further increasing storage capacities by such means as
rod -torage (20, 21), sealed cask storage (22), and dry vault storage at GE-
Morrh and AGNS. Such techniques might well be incorporated into both at-
reactor facilities and AFR facilities in the future to provide additional

storage capacity for spent fuel as well as program flexibility.
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V.C.4 Overall Schedule for Away-From-Reactor Storage Facilities

The exact schedules for the startup of AFR storage facilities
are dependent on Tdiich facilities are selected. As Table ~ V-5 -shows, there is
a wide variation between the possible schedules for the different facilities.

Table V-5. Away-From-Reactor Facilities

Facility Total Capacity Schedule Cost .

(cumulative (cumulative (cumulative
MTU) years) $ millions)

GE-Morris: Existing 350 2-1/2 x
Reracked 750 2-1/2 x+9

AGNS: Existing 400 3-1/2 y
Reracked 1,750-2,350 3-1/2 y+25

NFS: Existing 90 + +
Reracked 1,500- + +

New 5,000 8* 303**
Facility:

x - negotiated acquisition cost of GE-Morris.
y - negotiated acquisition cost of AGNS.
* - including 1 year for site selection.
+ - not yet estimated.

**- 1980 dollars.

| The ultimate selection of specific facilities will depend on the outcome of
careful examination of the alternatives and on the negotiations for the acqui-
sition of use of existing facilities. Figure V-5 shows the times required for

,

| bringing AFR storage - capacity on line -after Congressional authorization has
been obtained.-

Figure V-6 shows one possible approach to providing-AFR storage
capacity. It is assumed ~that the existing facilities are reracked and then a
new AFR is built. -Based on current projections, the new facility would be -
required around 1990. Site selection for the new facility would occur in 1982.

-
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Figure V-5. Projected Away-From-Reactor Facility Availability Schedules
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FACILITY SCENARIO: EXISTING FACILITIES WITH RERACKING'
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Figure V-6. Poss1ble Facility Development to Meet Projected
Spent-Fuel Storage Requirements
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V.D COSTS OF AWAY-FROM-REACTOR STORAGE FACILITIES

The capital cost of a new AFR storage facility having capacity
to store 5,000 MTU as spent fuel and a capability for receiving 1,000 MTU/yr
has previously been estimated to amount to about $250 million in 1978 dollars,
as shown in Table V-6 (23).

Table V-6. Capital Cost Breakdown For 5,000 MTU
Away-From-Reactor Spent Fuel Stcrage Facility

($ millions)

Item Amount

Storage pool and building $ 65.6
Equipment for storage pool and building 59.9
Auxiliary and administrative buildings and equipment 47.0
Engineering and design 31.3
Contingency 46.2

Total $250.0

|

In addition to the capital costs set forth above, it is esti-

mated that the annual costs for operation will amount to $6 million for years
in which spent fuel is .being received or shipped by - the facility, and will l

,

amount to $4 million for years in which only storage functions are being per-
formed (1978 dollars). Escalation to 1980 dollars would increase these fi-
gures by approximately 21%.

Decomissioning costs for the AFR have been estimated to amount
,

'

to about 10% of the initial capital cost of the facility, or $25 million (1978
doll ars) .

V.E SUfEARY OF' MANAGEMENT PROGRAMS FOR PROVIDING
AWAY-FROM-REACTOR STORAGE FACILITIES

The Department has estimated that AFR spent fuel storage facil-
ities can be made available commencing as early as 3-4 years after Congres-
sional authorization and that the necessary AFR storage capacity can be main-
tained until geologic ' repositories are available for the disposal of stored
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fuel. This estimate is based on the - information summarized in V.A through
V.C, which demonstrates the following:

1. The near-term (through 1990) needs for AFR stor-
age capacity can be satisfied by acquisition and
expansion of the storage capacity .of existing
facilities. The longer term needs for storage
can be satisfied by building additional' AFR stor-
age facilities to supplement existing and expand-
ed facilities. Needed capacities could be made
available in existing storage-facilities approxi-
mately 3 years af ter Congressional authorization
and could be made available in new AFR storage
facilities within 95 months after such authori-
zation.

2. The Department has established an organization
for the development and operation of AFR s_torage'
facilities.

3. There is sufficient information available on
which to base selection of new sites for AFR
storage, and the Department has embarked on a
program designed to seek State involvement in the.

! selection of proposed sites.

4. Finalization of new regulations pertaining to AFR -
storage of spent fuel is under way, and the tech-
nical ability to meet such licensing requirements

' exists.

5. Legislation has been submitted to Congress for.
,

authorization to acquire the necessary AFR spent'

fuel storage capability.

6. Analysis of the requirements for AFR storage
| capacity in the near-term and of the steps which

must be taken to comply with the National Envi-'

ronmental Policy Act and other licensing require-
ments indicates that the necessary capacity can
be provided on a timely basis.

>
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VI -INTEGRATED OPERATION OF THE STORAGE AND DISPOSAL SYSTEMS
;

This part demonstrates the way in which integrated operation of
the Department's overall waste management program will accommodate the contin-
uing production of spent nuclear fuel. Management 'of the storage and disposal
of spent fuel requires an integrated system which includes repositories, stor-
age f acilities, packaging facilities, and transportation networks. The ele-

ments of this system are highly interactive, i.e., repository availability,
capucity, receiving rate, and deployment rate all have direct impacts on stor-
age requirements. The relative locations of spent-fuel storage facilities and
repositories influence transportation system considerations, including the

number of casks required, shipment distances, and so forth.
Current Department program effort consists of the development

of a total waste management system optimized in terms of costs and benefits.
Specife optimization studies will be performed in the near future. For il-

lustrative purposes, assumptions can be made about the size, availability, and
capacities of repository facilities and storage facilities. These assumptions

allow the demonstration of the methods that are being used to develop an inte-
grated spent-fuel management system and the assessment of the capability of
the system to meet needs for the timely storage, transportation, and disposal
of spent fuel, i

The discussion that follows includes a reasonable scenario of
repository capacity and deployment, the away-from-reactor (AFR) storage re-
quirements resulting from this scenario, the sensitivity of AFR storage re-
quirements to changes in the schedule for repository deployment, the transpor-
tation requirements associated with AFR storage and repository operations, the
capabilities for meeting these requirements, and a general assessment of the
overall cost of the waste management system.

VI.A AVAILABILITY RANGE FOR DISPOSAL FACILITIES

Part III of this Statement demonstrates that the first geologic
repository for spent- fuel will. be ready for operation betwee'n 1997 and 2006.
Subsequent. repositories can be brought on line at 3-year intervals to meet
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spent-fuel disposal requirements. For the purposes of this analysis, it is

assumed that the initial repository will have a total capacity _ of about 41,000
metrictons of urariium (MTU) of spent fuel, whereas subsequent repositories are
assumed to have total capacities of about 69,000 MTU each. The assumption of

a lower capacity for the initial repository corresponds to an assumption that
the first repository will employ conservative, loading conditions at a small
site.

Preliminary design studies have shown that repositories could
be able to receive and emplace spent fuel at rates of 1800 MTU/yr during their
first 5 years of operation and 6,000 MTU/yr thereafter until they are filled
to capacity (1). These studies addressed national repositories, i.e., f acili-

ties capable of receiving spent fuel from all the nation's reactors. Inde-

pendent review of these studies (2) has confirmed the validity of designs
which permit loadings at these rates. Additional studies (3) have addressed
the maximum receiving rate allowable within the. current scope of design.

In actual practice, there is considerable flexibility in deter-
mining the optimum receiving rate for repositories. In a system of multiple
repositories, the spent fuel available for disposal can be allocated among
several repositories. Thus, although the total spent fuel to be transported
would remain constant, routes and cask requirements could be affected. It is

anticipated that, even though an optimized system may not require receiving
rates as high at any given repository as described here, individual reposi_ tory
designs will provide substantial margins in receiving ability to accommodate
perturbations to the system, e.g., intentional shutdown of one repository.

VI.8 AWAY-FROM-REACTOR STORAGE AVAILABILITY RANGE

|

As discussed in V.C.3, use of existing AFR storage facilities
is planned to meet near-term needs. Existing facilities will provide suffi-

cient additional storage capacity until the early 1990's. Af ter this time,

new AFR storage facilities can be constructed to meet AFR storage requirements
until the geologic repository is available. Figure V-6 shows one possible
option.for satisfying near-term storage requirements, whereby initial require-
ments are met by acquisition and expansion of existing AFR storage facilities,
followed by the construction of new AFR storage facilities.
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VI.C AWAY-FROM-REACTOR. STORAGE REQUIREMENTS

There will be a need for AFR storage. of 13,300 MTV of domestic
spent fuel through the year 1996 (see -Table V-3). - Assuming- the first repos-
itory begins receiving spent fuel in July 1997, with_ subsequent repositories
commencing operations at 3-year intervals thereafter, the maximum AFR storage
capacity needed will be 20,000 MTV. Table VI-1 shows the predicted discharges
of spent fuel, the cumulative AFR requirements, and the transfer of AFR-stored
spent fuel to repositories for these assumptions of repository deployment.

As more analysis of total integration performance is done,

tradeoffs will be made- between- the rate of development of repositories, the
regional placement of repositories, the ' rate at which spent fuel might be

placed in repositories, and the size and schedule . of construction of AFR's.

Accelerating the schedule for the second repository by,1 year would reduce the
AFR capacity required by approximately 12%, whereas delaying the second repos-

i

itory for a 5-year interval would increase total AFR capacity required by

about 14%. Analyses of this type will assist the optimum development of the !

total system.

VI.D SENSITIVITY OF AWAY-FROM-REACTOR STORAGE REQUIREMENTS TO
CHANGES IN REPOSITORY SCHEDULING

Figure VI-1 shows the base-case demand for AFR storage and the,

amount of AFR storage needed if the initial repository- startup occurs in mid-
1997, in 2002, or in 2006. In' each case, the initial repository receiving

rate is expected to be 1,800 MTV/yr for the first 5 years; subsequently, the

receiving rate is assumed to- be 6,000 MTU/yr. Subsequent repositories start
up at 3-year intervals. The~ maximum AFR storage requirements as a function of'
the startup date-of the initial repository are as follows:

Initial Repository Startup Date AFR requirements

July 1997f 20,000 MTU

' July 2002 44,000 MTU-

July 2006- 70,000 MTU

VI:- 3'
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Table VI-1. Predicted Away-From-Reactor Storage Requirements (1,000 MTU)

(First repository. operational in July 1997; additional
repositories available at 3-year intervals) 1

Transfers From
Reactors (13 yr

.
To AFR Receipts AFR

Year cooled fuel) Repositories (Discharges) Inventory>

1996 13.3- - -

1997 2.6 0.9 1.7 15.0
1998 3.0 1.8 1.2 16.2
1999 3.6 1.8 1.8 18.0
2000 3.9 2.7a 1.2 19.2
2001 4.2 3.6 0.6 19.8
2002 4.4 5.7 (1.3) 18.5
2003 4.6 8.7b (4.1) 14.4
2004 4.7 9.6 (4.9) 9.5
2005 4.9 11.7 (6.8) 2.7
2006 4.9 7.6 (2.7) -

,

'

2007 6.6 6.6 - -

2008 5.8 5.8 - -

2009 6.2 6.2 - -

| 2010 6.3 6.3 - -

|

|

! aSecond repository assumed to be in operation.
bThird repository assumed to be in operation.

The spent-fuel storage requirements shown in Figure VI-1 assume'

that fuel will be held in storage at reactor sites for ,13 years after dis-
charge. This time represents the average storage. period for currently opera-
ting and planned reactors. New reactors are expected to have significantly

I greater storage capacity which may enable them to meet their storage require-
ments completely until a disposal facility is available. . If all new reactor.;
have provisions to meet their storage requirements the. AFR requirements indi-
Cdted in Figure VI-1 in the post-2000. time period would be reduced. -

The actual pattern of repository loading will be based on safe .
ty, economic, and logistic. considerations which prevail at the time repository
loading begins. There are several alternate methods of repository loading
which provide great flexibility in optimizing the operation of the total sys-
tem. For example, it would be possible. first to direct: all _ spent fuel which

^

,
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had been in storage at reactor storage pools (the average' residence of spent
fuel in .such pools is 13 years), up to the, limit of. the receiving capability
of.the repositories. The excess quantity of such fuel would be sent to an AFR
storage facility. In any year that the repositories had a capacity to receive
spent fuel in excess of that frem domestic reactors, the repositories could
receive spent fuel from AFR storage' up to the capacity of the ' repositories to
receive and emplace spent fuel.

A second possible method of repository loading might be first
to transfer to the' repository the spent fuel .which had been in storage for the
longest period of time. Approximately 5,000 MT of fuel is currently in re-.

actor storage pools, so that by 1997, a'significant initial loading for .the
repository would be fuel that has cooled for at least 17 years. This very

conservative thermal loading could be placed in the repository during -initial
years in operation. Spent fuel which was being stored at reactors that were
discontinuing operation would be transferred either to repositories or to
AFR's from which the oldest fuel was being shipped, depending on the age of
the fuel coming from the reactors. The disadvantage of the additional trans-
portation that this might necessitate would have to be weighed against any
advantages from this approach. In any year that the repositories had the
capacity to receive fuel in excess of the amount of fuel in storage for the
longest time or from fuel stored at reactors which were discontinuing opera-
tion, the repositories would receive fuel from domestic reactors up to the

,

capacity of the repositories to receive and emplace spent fuel. In the event
the receiving capacity of the repositories still had not been reached, fuel
stored in AFR storage facilities would be transferred to the repositories to
the extent that the receiving capacity of the repositories would permit.

Although detailed logistical analyses have not yet been com-
pleted, the combined system,of repositories and AFR's -have already been shown

' to provide great flexibility to meet the need to balance technical conserva--

tism, regional needs, and reactor operation requirements..

VI -16
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VI.E TRANSPORTATION CONSIDERATIONS

' Under government policy, the electric utility companies have
the responsibility for -transporting spent fuel from their reactors to either
an AFR storage facility or a repository, where&s the government has the res-
ponsibility for transporting spent fuel from the AFR storage f acility to the
repository. It is not anticipated that transportation activities will limit
the timing of disposal or AFR storage.

There are sufficient commercial organizations to provide ship-
ping casks and services for the transport of spent fuel to AFR storage facil-
ities or to repositories as needed and at competitive prices. As of January
1980, a total of 9 licensed truck casks and 6 licensed rail casks were avail-
able in the United States for transporting spent fuel. (Four truck casks are
currently fabricated but not operational because the NRC has issued a show-
cause order and their use is restricted until the owners respond. It is ex-

pected that some of these will be operational again in the near future.) A
number of connercial organizations are involved in the design and construction
of spent-fuel shipping casks; four of these companies offer a complete spent- |

fuel shipping service. In addition, there are other commercial organizations
that have the capability of designing and constructing spent-fuel shipping
casks (4).

The Department has established a Transportation Technology
Center at Sandia National Laboratories to follow the emerging needs for spent-
fuel transportation services and to establish contingency plans for providing
the necessary shipping equipment (casks) and services in the unlikely event
that commercial organizations are not able to meet the requirements on a time-
ly basis. Guidance is provided to the Transportation Technology Center by the
Departments Division of Transportation and Spent fuel (see V.C.1).

The following paragraphs describe the types of existing spent-
fuel shipping casks owned by U.S. commercial organizations which currently
provide spent-fuel shipping services:

1. NL Industries, Inc. (NLI) has two types of spent-
fuel shipping casks, a legal weight truck system

VI - 7
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(designated NLI 1/2) and a' rail system _ (desig-
;

nated NLI 10/24). The NLI 1/2 cask is capable of
transporting one PWR fuel . assembly or two BWR
fuel assemblies. The NLI 10/24 cask is capable

..of transporting 10 PWR fuel assemblies or 24 BWR 1

fuel assemblies. There are five NLI 1/2 casks in
~

operation at the present time, and two NLI 10/24
casks are in existence.

2. General Electric Co. has a rail shipping cask
(designated IF-300), which is capable of trans-
porting 7 PWR fuel assemblies or 18 BWR fuel
assemblies. There are -four IF-300 casks in
operation; one of these is ' owned by a utility
company.

3. Nuclear Fuel Services, Inc. (NFS) has a legal-
weight truck cask system (designated as NFS-4).
The NFS-4 cask is ~ capable of transporting one PWR
fuel assembly or two BWR fuel assemblies. Two
NFS-4 casks exist. However, the Nuclear Regu-
latory Commission suspended the Certificate of

; Compliance- for operation of the NFS-4 casks in
'

1979.

4. Nuclear Assurance Corporation has a legal-weight
truck cask system -(designated NAC-1). The NAC-1
is identical in design to the NFS-4 cask and
shares a coninon NRC Certificate. of Compliance
with NFS (the NFS-4). Three NAC-1 casks are
owned by NAC and two NAC-1 casks are owned by a
public' utility. However, only three of these
casks (two owned by. NAC and one owned by a
utility) are currently operable due to the show-
cause order and these casks can only be oper-
ated dry on a derated basis of 2.5 kW per assem-
bly decay heat output. .In addition, NAC has
designed and is seeking . certification of a rail-
sized, all-steel cask, designated the NAC-3.
~This cask would be capable of carrying 12 PWR
assemblies or 32 BWR assemblies.

5. Transnuclear, Inc. .(TNI) has two overweight truck
cask systems (designated TN-8 and TN-9). The
TN-8 is capable of transporting three PWR fuel
assemblies and : the TN-9 is capable of transpor-
ting seven BWR fuel assemblies. One TN-9 has

'

- been purchased by a utility company; this is . the
only one currently available in the United

-VI - 8
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.

States. TNI has under construction two each of
the TN-8 and TN-9 casks for use in the United
States by the end of 1980.

Currently there are 53 rail casks and 8 truck casks operating
overseas as compared to 6 rail casks and 9 tru::k casks operating in the U.S.

The capacity of the casks in the United States for transporting
spent fuel from reactor storage pools to an AFR storage facility has been
-estimated; results are set forth in Table VI-2. Capacity of transportation
casks is conventionally cited in terms of metric tons of heavy metal (MTHM),
which for LWR fuel is essentially equivalent to metric tons of uranium: Casks

owned by utility companies have been included in the table because, for the
purposes of this estimate, it was assumed that such casks would be used for

shipment of spent fuel to AFR's by the cask owners.

From Table VI-2, it can be seen that the spent-fuel shipping
casks currently available from comercial organizations engaged in providing
such service have a capacity for transporting 511 MTHM/yr over average one-way
shipping distances of 1,000 miles (with the rail casks having a capability of

i

transporting 309 MTHM/yr of this total).
Utilizing existing casks, the transportation requirements im -

posed by the proposed AFR can be met until 1987. Beyond 1987, additional
casks will be required to keep pace with AFR requirements. These requirements
were described in Part V, and cumulative spent fuel shipments are shown in
Table V-3.

.With- the steady operation of today's spent-fuel shipping cask
inventory, additional casks could become available at a pace adequate to meet
the later year demands.

A much higher capacity for transporting spent ' fuel will be
required, once repositories are available to receive spent fuel, because ' ship-
ments can be expected to be made from both reactor storage pools and AFR'stor-
age facilities. There are enough commercial suppliers of spent-fuel shipping
caskt and services to meet the demand for additio'nal shipping casks.

VI 9
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Table VI-2. Capacity of Existing Licensed Spent-Fuel Shipping Casks

Total.

Average. Cask-Handling Average Average Average Yearly
Transport . Crew Main- . Time at Time at Round-Trip Number of Average Number Shipping

Time .tenance Time Reactor AFR' Time Shipments Capacity of Casks Capacity
Cask. (Days)a -(Hrs)b (Days)c (Days)d (Days) per Yeare (MTU)f Available9 (MTU)

4

NLI-1/2 2-1/2 13 - 2-1/2 1 6 50 .42 5 105

~NAC-1 2-1/2 , 13 2-1/2 1 6 50 .42 3 63

E S-4 2-1/2 13 2-1/2 1 6 50 .42 0 O

TN-9" 64/2h : 16 3 1 10-1/2 28 1.23 1 34

NLI-10/24 14 28 5 1-1/2 20-1/2 15 4.40 2 132

IF-300 ' 14 36 6 2 . 22 - 14 3.16 4 177

" s~ Total 511

.a Based'on 1,000-mile one-way shipments, 35 mph average highway speed, 6 mph average rail speed.
b Source: (Reference 4) G.H. Winsor, D.H. Faletti, and J.G. DeSteese, Opportunities to Increase the Productivity of-

Spent Fuel Shipping Casks, PNL-3017/UC-71 (Draft) Pacific Northwest Laboratory Richland, WA, August 1979
c Source: (Reference 4) Adopted from G.H.. Winsor, D.H. Faletti, and J.G. DeSteese, Opportunities to Increase the Pro-

ductivity of Spent Fuel Shipping Casks, PNL-3017/UC-71 (Draft) Pacific Northwest Laboratory, Richland, WA,
August 1979

'd Assuming 24-hr, 7 days a week operation.and 12-hr notification of the railroads.
e Assuming casks are available 300 days / year (an 82% availability f actor).
f Assuming 1/3 BWR assemblies-(0.176 MTU/ assembly) and 2/3 PWR assemblies (.45 MTU/ assembly).

,

.9 Includes all licensed casks, including utility-owned. Two NFS-4 and NAC-1 casks are not included due to NRC show
cause order.

.h 0verweight permit restricts movement to daylight, weekday hours only.
.

,
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The amounts of . spent fuel to be transported and the number of
casks required for the period 1997-2010 are shown in Table VI-3. These esti- )
mates are based on the following assumptions:

1. The first repository will be able to receive
spent fuel in 1997. It will receive 1,800 MTU/
year for the first 5 years of its operation and
6,000 MTU/ year thereafter, until it reaches its
capacity of 41,000 MTU.

l
*2. Subsequent repositories will be brought on line

at three-year intervals and will receive fuel on
the same schedule as above, until their capaci-
ties of 69,000 MTU each are reached.

1

3. Transport of spent fuel in the time period 1997-
2010 will be accomplished by rail and truck, with
the distribution being 90% by rail and 10% by |truck. !.

From Table VI-3, it can be seen that about 44 rail casks and 14

truck casks will be required by 1997. These will increase to a peak of- 203 )
rail casks in 2005 and 43 truck casks in 2010.

Casks currently can be supplied by spent-fuel shipping organizations-
with the lead times shown in Table VI-4.

There are parts available at the present time for some cask systems !,

that would reduce the time requirements necessary to build the first few addi-
tional casks needed. However, as a general rule, it must be assumed that it
will require about 24 months lead time to effect delivery of a spent-fuel
shipping cask af ter an order has been placed. Provided that casks are ordered
on a timely basis, there does not appear to be any reason why all of the
necessary casks cannot be provided from commercial sources to meet the needs
set forth in Table VI-3.

.

b
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Table VI-3. Spent Fuel Cask Requirements for Transport
aFrom Reactor and AFR Storage to Repositories

(1997-2010)
.

Spent Fuel Transfers (1,000 MTU)
Number of Number of

Reactor to Reactor AFR to Truck Casks Rail Casks
Year Repository to AFR Repository Needed Needed

1997 .9 1.7 14 44-
,

1998 1.8 1.2 18 59-

1999 1.8 1.8 20 67-

2000 2.7 1.2 24 80-

2001 3.6 0.6 27 93-

2002 4.4 1.3 30 121-

2003 4.6 4.1 31 162-

2004 4.7 4.9 31 174-

6.8 33 2032005 4.9 -

2006 4.9 2.7 33 151-

2007 6.6 34 156- -

2008 5.8 39 137- -

2009 6.2 42 147- -

2010 6.3 43 149- -

a Assumes the following:

(1) 2/3 PWR fuel, 1/3 BWR fuel (by weight).

(2) From reactors, 90% of fuel is shipped by rail,10% is shipped by truck
(by weight).

(3) NLI casks are used for reactor shipments and have the following annaal
payloads:

2,000 miles 1,000 miles
| (one-way) (one-way)

15 MTU NLI 1/2-----21 MTUNLI 1/2 --

NLI 10/24 -- 38 MTU NLI 10/24---66 MT1

(4) First repository starts 1997; capacity = 41,000 MTU
Second repository starts 2000; capacity = 69,000 MTU
Third repository starts 2003; capacity = 69,000 MTU

(5) Shipping distance -- 2,000 miles (one way) reactor to repository:
1,000 miles (one way) reactor to AFR storage, AFR
storage to repository.

(6) From an AFR,100% of fuel is moved by train utilizirig NLI 10/24 ship-
ping casks with a per cask capacity of 78 MTU/yr.

VI - 12
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Table VI-4. Current Lead Times for Procurement of Spent-Fuel Shipping
Casks from Commercial Services

Approximate Time Required to Make
Cask Available from Date of Firm

Cask Contract for Its Use-(Months)
NLI 1/2 - 24
NAC-1 12
NFS-4 12

NLI 10/24 24
IF-300 18
TN-8, 9 24

VI.F COSTS FOR AWAY-FROM-REACTOR STORAGE AND GE0 LOGIC DISPOSAL
OF SPENT FUEL

The costs to consumers of AFR storage and geologic disposal of spent
fuel will be a small portion of the costs of electrical energy. In July 1978,
the Department published preliminary estimates of the charge for spent fuel
storage and disposal which were based on the early development and use of salt
repositories for spent fuel disposal (5). This estimate of the cost of spent
fuel storage and disposal amounted to about 0.5 mill /kWh for disposal only and
to about 0.9 mill /kWh for both interim storage and disposal.

Since the issuance of this preliminary estimate, the Interagency
Review Group (IRG) recomended to the President features of an Administration
policy with respect to the long-term manag!: ment of nuclear wastes and support-
ing programs to implement this policy. As a result of the recommendations of
the IRG (6), the President has determined that, for interim planning purposes,
the Department should locate and characterize a number of repository sites in
a variety of different geologic environments with diverse rock types and
should select one or more such sites for further development of full-scale
repositories from four to five sites which have been carefully evaluated and
found to be potentially suitable for repository location (7). This procedure
will require additional research and development costs over a longer time
period and a delay in repository deployment compared to the assumptions made
in the July 1978 cost study.
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I

The repository cost estimates and -schedules discussed in Part III
are being incorporated into an update of the spent fuel charge which would be
imposed upon electric utilities. Preliminary calculations show that the stor-
age and disposal charge and disposal-only charge will be somewhat higher than
the 1978 Department of Energy estimate. However, the impact on the overall
cost of electricity to the consumer is still exp'ected to the small. This con-
clusion is supported by a recently-completed major international study, the
International Nuclear Fuel Cycle Evaluation (INFCE). This study, involving

representatives of forty nations, examined waste management and other aspects
of seven alternative nuclear fuel cycles. Its conclusions. noted that waste
management costs could range between 0.8 and 2.0 mills /kWh among the various
fuel cycles and for various geologic repository media (8). This compares

favorably with 30-40 mills /kWh for delivered electricity.

.

!

!
,
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VII. CONCLUSIONS

Based upon the foregoing Statement of Position, the Nuclear >

Regulatory Commission must find that it has confidence that:

1. Spent nuclear fuel from licensed facilities can
be disposed of in a safe and environmentally
acceptable manner;

2. The Federal Government's plans for establishing
geologic repositories are an effective and
reasonable means for developing a safe and envi-
ronmentally acceptable disposal system;

3. Spent nuclear fuel from licensed facilities can
be stored in a safe and environmentally accept-
able manner on-site or off-site until disposal
facilities are available;

4. Sufficient additional storage capacity for spent
nuclear fuel from licensed facilities will be
established; and

5. The . disposal and interim storage systems for a
spent nuclear fuel from licensed facilities will
be integrated into an acceptable operating system.

Having made these findings, the C<wnmission should promulgate a rule providing
that the safety and environmental implications of spent nuclear fuel remaining

site af ter the anticipated expiration of the facility licenses involvedon

n;ed not be considered in individual facility licensing proceedings.
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APPENDIX A

FOR IMMEDIATE RELEASE

| Office of the White House Press Secretary

.---.------.--..---.--....--.-------------------------.-----....

THE WHITE HOUSE

TO THE CONGRESS OF THE UNITED STATES:

Today 1 an establishing this Nation's first comprehensive
radioactive waste management program. My paramount objective
in managing nuclear wastes is to protect the health and safety
of all Americans, both now and in the future. I share this j
responsibility with elected officials at all levels of our
go vernmen t . Our citizens have a deep concern that the ,

beneficial uses of nuclear technology, including the generation I

of electricity, not be allowed to imperil public health or
safety now or in the future.

,

For more than 30 years, radioactive vastes have been
generated by programs for national defense, by the commercial
nuclear power program, and by a variety of medical, industrial
and research activities. Yet past governmental efforts to
manage radioactive wastes have not been technically adeouate.
Moreover, they have failed to involve successfully the States,
local governments, and the public in policy or program decisions.
My actions today lay the foundation for both a technically
superior program and a full cooperative Federal-State partner-
ship to ensure public confidence in a waste management program.

My program is consistent with the broad consensus that
has evolved from the efforts of the Interagency Review Group
on Radioactive Waste Management (IRG) which I established.
The IRG findings and analysis were comprehensive, thorough
and widely reviewed by public, industry and citizen groups,
State and local governments, and members of the Congress.
Evaluations of the scientific and technical analyses were
obtained through a broad and rigorous peer review by the
scientific community. The final recommendations benefited
from and reflect this input.

My objective is to establish a comprehensive program
for the management of all types of radioactive wastes. My
policies and programs establish mechanisms to ensure that 4

elected officials and the public fully participate in waste |

decisions, and direct Federal departments and ageacies to '

implement a vaste management strategy which is safe, technically
sound, conservative, and open to continuous public review.
This approach will help ensure that we will _ reach our
objective -- the safe storage and disposal of all forms of
nuclear aaste.

Our primary objective is to isolate existing and future
radioactive waste from military and civilian activities from
the biosphere and pose no significant threat to public health
and safety. The responsibility for resolving military and
civilian waste management problems shall not be deferred to
future generations. The technical program must meet all
relevant radiological protection criteria as well.as all other
applicable regulatory requirements. This effort must proceed
regardless of future developments within the nuclear industry --
its future size, and resolution of specific fuel cycle and
reactor design issues. The specific steps outlined below
are each aimed at accomplishing this overall objective.

more
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First. my Adninistration is committed to providing in effee-
tive role for State and local governments in the development and
implementation of our nuclear waste management program. I
am therefore taking the following actions

o By Executive Order, I am establishing a State Planning
Council which will strengthen our intergovernmental
relationships and help fulfill our joint responsibility
to protect public health and safety in radioactive
waste matters. I have asked Governor Riley of South
Carolina to serve as Chairman of the Council. The |

Council will have a total of 19 members: 15 who l

are Governors or other elected of ficials, and 4 from
the Executive departments and agencies. It will
advise the Executive Branch and work with the Congress
to address radioactive waste management issues, such
as planning and siting, construction, and operation
of facilities. I will submit legislation during
this session to make the Council permanent.

o In the past, States have not played an adequate part
in the waste management planning process -- for example,
in the evaluation and location of potential waste
disposal sites. The States need better access to
information and expanded opportunity to guide waste
management planning. Our relationship with the States
will be based on the principle of consultation and
concurrence in the siting of high level waste reposi-
tories. Under the framework of consultation and
concurrence, a host State will have a continuing
role in Federal decisionmaking on the siting, design
and construction of a high level vaste repository.
State consultation and concurrence, however, will
lead to an acceptable solution to our waste disposal
problem only if all the States participate as partners
in the program I as putting forth. The safe disposal
of radioactive waste, defense and ccamercial, is
a national, not just a Federal, responsibility.

o I as directing the Secretary of Energy to provide
financial and technical assistance to States and
other jurisdictions to facilitate the full participation
of State and local government in review and licensing
proceedings.

Second, for disposal of high level radioactive waste I
as adopting an interia planning strategy focused on the use
of mined geologic repositories capable of accepting both waste
from reprocessing and unreprocessed commercial spent fuel.
An interia strategy is needed since final decisions on many
steps which need to be taken should be preceded by a full
environmental review under the National Environmental Policy
Act. In its search for suitable sites for high level vaste
repositories, the Department of Energy has mounted an expanded

,
and diversified program of geologic investigations that recognizes

I the importance of the interaction among geologic setting,
repository host rock, waste form and other engineered barriers
on a site-specific basis. Immediate attention will focus
on research and development, and on locating and characterizing
a number of potential repository sites in a variety of different
. geologic environments with diverse rock types. When four
to five sites have been evaluated and found potentially suitable,
one or more will be selected for further development as a
licensed full-scale repository,

more
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It is important to stress the following two points: First,
because the suitability of a geologic disposal site can be
verified only through detailed and time-consuming site speelfic
evaluations, actual sites and their geologic environments must
be carefully examined. Second, the development of a repository
will proceed in a careful step-by-step aanner. Experience j

and information gained at each phase will be reviewed and
evaluated to determine if there is sufficient knowledge to |

proceed with the next stage of development. We shculd be |
ready to select the site for the first full-scale repository
by about 1985 and have it cperational by the mid-1990's.
For reasons of economy, the first and subsequent repositories
should accept both defense and consercial wastes.

1

Consistent with my decision to expand and diversity the )
Department of Energy's program of geologic investigation bercre )
selecting a specific site for repository development, I have i

decided that the Waste Isolation Pilot Plant project should i

be cancelled. This project is currently authorized for the
unlicensed disposal of transuranic waste from our National
defense program, and for research and development using high level
defense waste. This project is inconsistent with my policy I

Ithat all repositories for highly radioactive vaste be licensed,
and that they accept both defense and commercial wastes. <

|
'The site near Carlsbad, New Mexico, which was being considered

for this project, will continue to be evaluated along with j
other sites in other parts of the country. If qualified, ;

it will be reserved as one of several candidate sites for
possible use as a licensed repository for defense and co=mercial
high level wastes. My fiscal year 1981 budget contains funds
in the commercial nuclear waste program for protection and
continued investigation of the Carlsbad site. Finally, it
is leportant that we take the time to compare the New Mexico
site with other sites now under evaluation for the first waste
repository.

Over the next five years, the Department of Energy will
carry out an aggressive program of scientific and technicals

investigations to support waste solidification, packaging
and repository design and construction including several
experimental, retrievable emplacements in test facilities.
This supporting research and development program will call
upon the knowledge and experience of the Nation's very best
people in science, engineering and other fields of learning
and will include participation of universities, industry,
and the government departments, agencies, and national laboratories.

Third, during the.interia period before a disposal facility
is available, vaste aust and will continue to be cared for
safely. Management of defense waste is a Federal responsibility;
the Department of Energy will ensure close and meticulous
control over defense waste facilities which are vital to our
national security. I as committed to maintaining safe interia
storage of these wastes as long as necessary and to making
adequate funding available for that purpose. We will also
proceed with research and development at the various defense
sites that will lead the processing, packaging, and ultimate
transfer to a persanent repository of the high level and
transuranic wastes from defense programs.

In contrast, storage of commercial spent fuel is primarily
a responsibility of the utilities. I want to stress that
interia spent fuel storage capacity is not an alternative
to permanent disposal. However, adequate storage is necessary

more
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until repositories are available. I urge the utility industry
.

to continue to take all actions necessary to store spent fuel |
In 2 manner that will protect the public and ensure efficient
and safe operation of power reactors. However, a limited
amount of government storage capacity would provide flexibility
to our national waste disposal program and an alternative
for those utilities which are unable to expand their storage
capabilities.

I reiterate the need for early enactment of my proposed
spent nuclear fuel legislation. This proposal would authorize
the Department of Energy tos (1) design, acquire or construct,
and operate one or more away-fron= reactor storage facilities,
and (2) accept for storage, until permanent disposal facilities
are available, domestic spent fuel, and a limited amount of
foreign spent fuel in cases when ,such action would further
our non-proliferation policy objectives. All costs of storage,
including the cost of locating, constructing and operating
permanent geologic repositories, will be recovered through
fees paid by utilities and other users of the services and
will ultimately be borne by those who benefit from the activities
generating the wastes.

Fourth, I have directed the Department of Energy to work
jointly with states, other government agencies, industry and
other organizations, and the public, in developing national
plans to establish regional disposal sites for commercial
low level waste. We must work together to resolve the serious
near-term problem of low level waste disposal. While this
task is not inherently difficult from the standpoint of
safety, it requires better planning and coordination. I endorse
the actions being taken by the Nation's governors to tackle
this problem and direct the Secretary of Energy to work with
them in support of their effort.

Fifth, the Federal programs for regulating radioactive
waste storage, transportation and disposal are a crucial com-
ponent of our efforts to ensure the health and safety of
Americans. Although the existing authorities and structures
are basically sound, improvements must be made in several
areas. The current authority of the Nuclear Regulatory
Commission to license the disposal of high level waste and
low level waste in commercial facilities should be extended
to include spent fuel storage, and disposal of transuranic
waste and non-defense low level waste in any new government
facilities. I as directing the Environmental Protection
Agency to consult with the Nuclear Regulatory Commission to
resolve issues of overlapping jurisdiction and phasing of
regulatory actions. They should also seek ways to speed up
the promulgation of their safety regulations. I as also
directing the Department of Transportation and the Environ-
mental Protection Agency to improve both the efficiency of
their regulatory activities and their relationships with other
Federal agencies and state and local governments.

Sixth, it is essential that all aspects of the waste
management. program be conducted with the fullest possible
disclosure to and participation by the public and the technical
community. I as directing the departments and agencies to
develop and laprove mechanises to ensure such participation
and public involvement consistent with the need to protect
national security information. The waste management program
will be carried out in full compliance with the National
Environmental Policy Act,

more
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Seventh, because nuclear waste management is a probler.
shared by many other countries and decisions on waste manage-
nent alternatives have nuclear proliferation implications.
I will continue to encourage and support bilateral and multi-
lateral efforts which advance both our technical capabilities
and our understanding of spent fuel and waste management options,
which are consistent with our non-proliferation policy.

In its role as lead agency for the management and disposal
of radioactlye wastes and with cooperation of the other relevant
Federal agencies, the Department of Energy is preparing a
detailed National Plan for Nuclear Waste Management to imple-
ment these policy guidelines and the other recommendations
of the IRG. This Plan will provide a clear road map for all
parties and will give the public an opportunity to review'

the entirety of our program. It will include specific program
goals and milestones for all aspects of nuulear waste manage-
ment. A draft of the comprehensive Natinnal Plan will be
distributed by the Secretary of Energy later this year for
public and Congressional review. The State Planning Council
will be directly involved in the development of this plan.

The Nuclear Regulatory Commission now has underway an
i=portant proceeding to provide the Nation with its judgment
on whether or not it has confidence that radioactive wastes
produced by nuclear power reactors can and will be disposed
of safely. I urge that the Nuclear Regulatory Commission do
so in a thorough and timely manner and that it provide a
full opportunity for public, technical and government agency
participation.

Over the past two years as I have reviewed various aspects
of the radioactive waste problem, the complexities and diffi-
culties of the issues have become evident -- both from a
technical and, more importantly, from an institutional and
political perspective. Fowever, based on the technical con-
clusions reached by the IRG, I am persuaded that the capability
now exists to characterize and evaluate a number of geologic
environments for use as repositories built with conventional ,

mining technology. We have already made substantial progress
'

and changes in our programs. With this comprehensive policy
and its implementation through the FY 1981 budget and other
actions, we will complete the task of reorienting our efforts
in the right direction. Many citizens know and all must under-
stand that this problem will be with us for many years. We
must proceed steadily and with determination to resolva the
remaining technical issues while ensuring full public partici-
pation and maintaining the full cooperation of all levels
of government. We will act surely and without delay, but
we will not compromise our technical or scientific standards
out of haste. I look forward to working with the Congrers
and the states to implement this policy and build publir
confidence in the ability of the government to do what is
required in this area to protect the health and safety of
our citizens.

.

JIMMY CARTER

THE WHITE HOUSE

iieii



_______ .
..

.

. ,

ADPENDIX B

CURRENT EXPLORATION PROGRAMS

This appendix presents a detailed description of the current
repository siting investigations of the NWTS Program, and it supplements the
project sumaries in Section II.D.5.

All figures, tables, references, and much, of the text contained
in Section II.D.5 are repeated in this appendix. This appendix is included to
provide the interested reader with additional . information and references for
each of the exploration programs summarized in the body of the Statement.
D:scriptions are provided of status of investigations in:

8.1 - the Gulf Interior Region (salt domes)

B.2 - the Paradox Basin (bedded salt)

B.3 - the Permian Basin (bedded salt)

B.4 - the Salina Basin (bedded salt)

. B.5 - the Department's Hanford Site (basalt)

B.6 - the Department's Nevada Test Site (volca.iic
tuff, argillite, granite, and alluvium), and

B.7 - the expanded NWTS national screening program
(granite, shale, and geohydrologic environment)

The ' pertinent findings of the first six programs (B.1 - B.6) are discussed
with respect to each of the four major f actors of the natural systems' as
defined in Section II.D.2: 1.e. geologic, hydrologic, tectonic, and resource
f ac tors.

Many geologic time periods are referred to in the Appendix by
name. Figure : B-1 presents a geologic time scale to enable the reader to
associate the geologic periods with age in years (1).

B-1-
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B.1 Gulf Interior Region Salt Domes

B.l.1 Sumary

The Gulf Coastal Plain of Texas, Louisiana, and Mississippi and
adjacent offshore . areas contain more than 500 salt domes, 263 of which are
known or suspected to be on land. These interior dom s were evaluated in 1963
by the U.S. Geological Survey, and 36 were identified as potentially accept-
able for repository siting (2). The USGS screening criteria were (i) depth to
salt of less than 2,000 f t and .(ii) lack of previous use (oil, gas, sulfur, or
brine mining). Af ter the USGS study, the Department, with the participation
of USGS district offices, selected 125 interior domes for detailed studies,
which have provided important background data for current investigations (3-7).

Since 1978, interior domes have been evaluated by the Depart-
ment in terms of geologic and other screening specifications (8-10). The

three criteria that dominated the screening were (i) the top of the domes
should be at depths of less than 915 m, (ii) domes should have cross-sectional
areas of more than 1,000 acres, and (iii) domes should not have been used for
hydrocarbon production or storage, or any other mineral-related activities.
This latest study resulted ~in the selection of eight-salt domes for the area
study phase. These domes are distributed among the States of Louisiana,

Mississippi, and Texas: Vacherie and Rayburns (Louisiana); Richton, Cypress
Creek, and Lampton (Mississippi); and Oakwood, Keechi, and Palestine (Texas). -

The Palestine dome was dropped from - further consideration in 1979 because of
hydrologic uncertainties related to earlier solution mining (11). Fifteen
karst-like collapse structures over the Palestine dome have been attributed to
extensive brine production and : solution collapse. Although thel solution
mining occurred from 1904 to 1937, three collapses have occurred since, one as
recently as 1978.

Investigations under way at the remaining seven domes include
hydrologic studies of ~ the three sedimentary basins- in which the domes occur
(Figure B-2) as well as dome-specific geologic and hydrologic studies.

Aquifers are being investigated to' depths of 2 km in each basin by borehole
pump tests. Geologic studies include regional'and dome-specific field mapping

B-3
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YEARS

ERA PERIOD EPOCH DURATION BEFORE THE
PRESENT

mummim- --
C Holocene To Present
E m.i,,ocen. 1,000,000

Miocene 12,000,000

Miocane 12,000,000
Oig,cene 11,000,0000 Tertiary

g Eocene 22,000,000

'' **h 71,000,000-

Cretaceous 72,000,000

S

O 135,000,N-

Jurassic 46,000,000
0
1 181,000,000
C

Triassic 49,000,000

zummu - 230,000,000

Permian 50,000,000

280,000,000

Pennsylvenian 30,000,000

310,000,000

P

A
Mississippian 35,000,000

0 345,000,000

Devonien 60,000,0000
|
r 405,000,000

Silurian 20,000,000 425,000,000

Ordovician 75,000,000

500,000,000

Cambrian 100,000,000 -

600,000,000

PRECAMBRIAN

Figure B-2. Geologic Time Scale

-Source: (Reference 1) A. Holmes and L. Holmes, Principles of Physical Geol-
o_gy, 3rd ed., Halsted Press, New York, NY,19/8
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- with emphasis on evaluating Quaternary terraces, remote-sensing data, geophys- s

ical- well logs, and deep seismic data. Understanding of dome locations is
being ' refined by gravity surveys, high-resolution seismic reflection and 7

refraction surveys, and borehole evaluations.
,

!
.

Drilling - of' a total of. 34 deep exploratory holes in _ three|

! States aggregating 89,189 ft, and drilling of additional intermediate-depth
l' and shallow holes produced no evidence to disqualify any of the remaining

seven domes, although several characteristics need careful evaluation against

i the siting criteria. Exploration is proceeding at a variable pace for all

] seven domes; only the Lampton dome-in Mississippi and the Keechi dome in Texas
have not been explored by drilling or by seismic methods.

,

Studies of hydrologic stability are centered on determining the ,

resistance of salt masses to external dissolution. Current evidence suggests
,

that salt domes have become, through geologic time, encapsulated in plastic
clays or other impermeable minerals. These layers of impermeable sediments

;

; appear to have prevented the, domes from dissolving since their formation 25 to
i 30 million years ago. Direct evidence for this hypothesis is found in oil-

company core samples and in geologic and drilling logs. The degree of con-
tinuity of the encapsulating clay needs to .be determined. Preliminary calcu-

,

lations suggest loy travel times for radionuclide migration to the accessible l
biosphere (at least 100,000 years). This is because thick sections of clay .

with a very low hydraulic conductivity (permeability) occur around and over=
the domes.

With regard to the tectonic stability of the domes, studies of
,

Tertiary and older strata suggest that movement of the salt in the Gulf inte-
| rior region ceased perhaps . as long as 30 million - years ago (4,11). . Assess-

.

ments based on the thinning of sediments over the dome show a slow and declin-
,

| ing rate . of growth through geologic time, with values in the early Cenozoic

4_

well below 0.2 mm/yr (4). In addition, careful -investigatio'ns ' of the strati-
fication of Quaternary units- in Louisiana have revealed no characteristics

,

attributed to dome growth. All .of the seven. domes being investigated 'are con-4

sidered to -be tectonically stable. No capable faults ;are iknown to exist . in-

the-vicinity of the domes.

.
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There is minor, and declining, oil production at the Oakwood
and Cypress -Creek domes. All domes have one resource exploration hole that

penetrate to the salt. All domes have some degree of caprock.
In 1980 two or three domes will be recommended for further

ext.,aation in the " location" study phase of the site-exploration process.

B.l.2 General Description

The Gulf interior region is a 200- to 600-mile-wide strip that
extends inland from the Gulf of Mexico to the Mississippi Embayment (fig-

ure B-2). Elevations within the region average several'hundred feet above sea
level, and drainage generally extends gulfward. The Mississippi River is

within an alluvial valley, 25 to 125 miles wide, that extends southward to the
Gulf of Mexico along the axis of the Mississippi Embayment. The-area is char-
acterized by broad valleys and a generally subdued terrain.

.The Gulf interior basin was initially-formed in the Late Tri-
assic Period by block faulting and rif ting of the continental crust, accom-
panied by basic igneous activity. Differential subsidence during the Early
Jurassic resulted in isolated basins that were centers for the accumulation of
thick salt deposits.

Subsequent marine sedimentation continued until the middle-
Cretaceous, when it was interrupted by a general emergence of the land.

;

Resumption of marine sedimentation occurred in the Late Cretaceous, when the'

sea transgressed to southern Illinois, forming the Mississippi Embayment.

| Continental emergence started during the Cenozoic and extended progressively
gulfward.

The geosyncline depositional patterns in the region consisted
of alternative periods of submergence characterized by the deposition of lime-
stones, clastics, or' scattered .evaporites. and emergence characterized by
deposition of shaley deltaic ' materials. The resulting - deposits are suffi-
ciently- widespread' to allow stratigraphic . correlation ~ throughout ~ the area.
(Figure B-2).-

Structural movement within the basins ' occurred in = the Louann
Salt (Figure B-3) due 'to the weight of . overlying sediments and density : con-
trasts between the salt and adjacent geologic' units (12). Salt movement began

~
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in the. Late Jurassic by the formation of ridges, which eventually developed
into "diapiric* domes" as additional sediment loading |

occurred over the thick salt strata. Salt movement and diapirism in the inte- |
-rior salt basins climaxed during the Mesozoic Period. Diapiric growth was
greatest in areas of maximum' deposition. Salt diapirs in the Gulf interior

region are in pillar-and-pier cement structures, with related faulting and
folding.

In general, most geologists agree on three points concerning the
origin of Gulf Coast salt diapirs (12):

1. Salt in diapiric structures is derived from
bedded sedimentary salt.

2. Salt in diapiric structures moved by plastic
deformation.

3. The combination of density differences between
the salt and overlying sediments, and sediment
consolidation due to sediment loading was suffi-
cient to cause dome development.

Good-quality ground water is present throughout the Gulf inte-
rior region and is used extensively for domestic, municipal, and industrial
purposes. Important aquifers in' the region fr.clude the Wilcox-Carrizo units,
the Sparta Formation, the Queen City Sand, the Cockfield Formation, Miocene
sands, and Pleistocene-to-Recent alluvial valley deposits (Figure B-3). In

general, the base of fresh water is between 500 to 1000 feet below sea level
I (MSL) throughout the region (13, 14).

The Midway clay is a confining unit because of its- thickness
(500 to 1,500 f t) and its very low ' permeability. Aquifers ' below the Midway

Group are saline throughout the region. Whether clays in other formations are
,

confining units has not yet been determined.

|

!

* The term " diapir" applies to more than' salt domes. The core of a-diapir can
be salt, _ clay, sand, serpentine, or a variety of other materials that can
assume many shapes, like those of a tear drop or a mushroom.

,
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- The Gulf interior region is an area of low : e'.smicity, classi-
fied as seismic risk zone 0 or 1 (15). The seismic implications for reposi-
tory siting in the Gulf interior region can be summarized as follows:

1. The low level of historical earthquake activity, j
when considered alone, indicates either a low ;

level of current tectonic activity or a tectonic '

activity associated principally with the aseismic
release of elastic strain energy.

2. There is no clear correlation between geologic
structures and regional earthquake activity. The
Department is delineating seismo-tectonic prov-
inces to facilitate the estimation of seismic risk.

3. Future vibratory ground-motion- levels from local
and distant earthquakes are expected to be low
(16).

Specific descriptions of each of the domes in the Gulf interior
region are presented in the sections that follow.

B.1.3 deechi Dome, Anderson County, Texas

B.1.3.1 Geologic Factors--Keechi Dome

The domal structure at' Keechi is expressed as a topographic
low. Topographic relief over the area is on the order of 30 to 40 ft. Keechi
Creek traverses the central dome area and flows to the south into the Trinity
River.

The salt at the Keechi dome extends to within 435 ft of the sur-
face. A caprock is believed to drape over the dome. and vary in thickness from
16 to 758 ft. The horizontal cross-sectional area is 1,180 acres at 2,000 ft
below MSL* and 2,069 acres at 3,000 ft below MSL, making it one of the small-
est of the domes being considered.

Formations as old as the Cretaceous Taylor and Navarro Groups
have been pushed to the surface near the center of the dome. Surface sedi-
ments generally become progressively younger away from the dome. These outcrop

*Mean sea level

B-9-
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patterns are modified by radial faulting associated with ancient dome growth.
Detailed evaluations of faulting in the area need to be completed before the
potential impact of these features on possible site suitability and repository
design can be assessed.

B.1.3.2 Hydrologic Factors--Keechi Dome ,

At the Keechi dome, the Wilcox Group fresh water aquifer is
partially shielded from the salt mass by the Midway shale, which crops out at
the surf ace and drapes over portions of the salt. However, at this time, data
are insufficient for a complete quantitative subsurf ace hydrologic character-
ization.

Much of the effort in subsurface hydrology has been devoted to
obtaining a preliminary estimate of the time that would be required for ground
water travel from within the dome to the accessible biosphere. Preliminary
calculations suggest very long travel times (at least 100,000 years). The
computations were based on observed field data when feasible; however, numer-
ous simplifying assumptions were made. No estimate of radioisotope travel
time including sorption potential along the flow paths has been made.

B.1.3.3 Tectonic Factors--Keechi Dome

Aside from the f aults associated with ancient doming, the f aults
nearest to the Keechi dome are 9 to 14 miles away. The most recent signif-
icant fault activity is believed to have occurred more than a million years
ago. Seismicity along the faults is very low. The Texas Bureau of Economic
Geology believes the faults are not tectonic (16). The supradomal and radial
faults at Keechi are related to the growth of the dome.

B.1.3.4 Resource Factors--Keechi Dome

No nonevaporate mineral deposits exist on or adjacent to the
Keechi dome. The nearest oil fields are 5 miles away (17).

B.1.4 Oakwood Dome, Freestone and Leon Counties, Texas

B.1.4.1 Geologic Factors--0akwood Dome

Topographically, the Oakwood dome is characterized by low
rolling hills with relief on the order of 70 ft. The salt extends to within
1,016 ft of the surface. Borehole and gravity data indicate that Oakwood Dome
is circular, with an overhang on all sides giving the appearance of a mush-
room. The base of tha overhang is 4,000 to 5,000 ft below the surface. A
caprock of anhydrite and sand, encountered in numerous wells penetrating the
overhang, is 20 to 837 ft thick; it extends over the dome and down to the
overhang. Beneath the overhang, " gouge", abraded material occurring between
the walls of a f ault, has been identified. The horizontal cross-sectional
area of the dome is 2,785 acres at 2,000 f t below MSL and 2,613 acres at 3,000
ft below MSL.

The surface formations over the dome have recently been identi-
fled as the Queen City Formation, although earlier reports have suggested that
sediments as young as the Cook Mountain Formation are present.

B - 10



Local units exhibit structural discord, radial faulting, plus
thinning and thickening as a result of domal growth.

B.1.4.2 Hydrologic Factors--0akwood Dome |
At Oakwood, the Wilcox Group fresh water aquifer is adjacent to i

'the dome at approximately 1,500 f t below the surface and is believed to extend
across the top of the dome. The Midway shale. exists at the probable reposi-
tory elevation. The Eagle Ford and Woodbine Groups lie in contact with the
salt stock just under the overhang at a depth of 5,000 to 7,000 ft below the
surface. At this time, data are insufficient for a complete quantitative
subsurf ace hydrologic characterization, although preliminary estimates indi-
cate ground water travel times to the biosphere of at least 100,000 years.

B.1.4.3 Tectonic Factors--0akwood Dome

The regional faults nearest to the Oakwood dome are 5 to 15
miles away. The most recent significant activity in these features occurred
more than a million years ago ',16). The seismicity of the faults is consid-
ered to be insignificant, and it is believed that the formation is not base-
ment related (16). Supradomal and radial f aults at Oakwood are related to the
growth of the dome.

B.1.4.4 Resource Factors--0akwood Dome
,

Fifty to sixty oil wells have been drilled in the vicinity of
the Oakwood dome. Oil and gas production has been established under the over-
hang from v: ells drilled through the overhang into the Woodbine Formation.
During the last 5 years, production has been declining, however.

In 1975, four wells drilled into the Woodbine- produced only
about 10,000 bbl of oil and 3.5 x 109 ft3 of gas. Other wells around the
dome are plugged and abandoned, but the effectiveness of the plugs has not
been determined. No other production exist! ,' thin 2.5 miles of the dome,.but ;

some production does exist in Red Oak Fiele to 5 miles to the southwest. 1

No other mineral resource deposits have been aveloped in the vicinity of the
dome (17).

B.1.5 Vacherie Dome, Webster and Bienville Parishes, Louisiana

B.1.5.1 Geologic Factors--Vacherie Dome
|

The terrain at Vacherie is dcminated by a central depression
encircled by hills, with a relief of more than 200 ft. Bashaway Creek. occu-
pies the low central portion of the dome and drains _-to the east into Black'
Lake Bayou, a tributary of the Red River.

The 777-ft depth to the ' shallowest _ salt has been determined by
drilling. The thickness of caprock ranges from 79 to 273 ft. The northwest-
trending dome .is 3.5 to 4 miles long and approximately 2 miles wide .at the

-

center. Structural contours based on gravity data show the . cross-sectional
area of- salt to be 2,286 acres at 2,000 ft below MSL and 2,879 acres at 3,000
ft below MSL.

t
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Vacherie lies in an outcrop area of the Sparta Formation. The

Cane River and Wilcox Formations are concentric inliers', exposed in a somewhat
elliptical fashion around' the dome. The central depression of Vacherie is

covered by flood-plain deposits and the terrace sediments of Bashaway Creek
-(4).

The subsurface geology of Vacherie is complicated by faulting,
which is responsible for a series of horst and graben structures in Tertiary
strata above the salt. The sediments surrounding the dome dip away from it.
Radial f aults are believed to exist at Vacherie, but current data are insuffi-
cient to support this hypothesis.

B.1.5.2 Hydrologic Factors--Vacherie Dome

At the Vacherie dome, the Wilcox aquifer appears to be separated
from the salt by the confining Midway clay, but it may rest on the caprock in
several of the down-thrown faults blocks on top of the dome. The data avail-
able at present are insufficient for a complete quantitative subsurface hydro-
logic characterization.

B.1.5.3 Tectonic Factors--Vacherie Dome

The regional faults nearest to the Vacherie dome are in the
Hosston Zonc, 50 miles away. The most recent significant activity in the

| Hosston faults occurred before mid-Tertiary time, some 35 million years ago.
The U.S. Geological Survey has described an inferred northwest-southeast fault
that passes near both Vacherie and Rayburn's domes (2), but its existence has

| not been confirmed by field data. The seismicity of the Hosstonifaults is

considered to - be insignificant.- Supradomal and possibly radial faults at
Vacher'.e are believed to be related to dome growth.

B.1.5.4 Resource Factors--Vacherid Dome-

Several petroleum exploratory wells have been drilled on ' the'
flanks- of, the Vacherie dome. No oil or gas has been found, suggesting that '
Vacherie has little . potential for hydrocarbon - development. . There ~ are cur-
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rently no active well sites on .the dome; however, several producing wells
occur-in the Ada Field, and several more wells are being drilled 2 to 3 miles
to the northeast.

Lignite development potential in the vicinity of the dome is

fair to good. No present nor past brine production is known to have occurred
on Vacherie. There is some minor development of sand and gravel deposits in
the vicinity of the dome. No other mineral resources have been produced in
the vicinity (17).

,

B.1.6 Rayburn's Dome, Bienville Parish, Louisiana

B.1.6.1 Geologic Factors--Rayburn's Dome

Rayburn's Dome is encircled by low hills with a central saline
marsh that drains into Fouse Bayou, a tributary of the Dugdomona River.
Topographic relief in the vicinity of Rayburn's Dome is about 60 ft.

The depth to salt is 115 ft. Caprock is 5 to 88 ft thick and

occurs 12 to 19 ft below the surface. The dome-is slightly elongated in the
northwest-southeast direction. Gravity models indicate the presence of a salt
overhang between 2,000 and 4,000 ft below MSL. The horizontal' cross-sectional
area of the salt, as determined by gravity and well data, is 1,307 and 1,685
acres at 2,000 and 3,000 ft below MSL, respectively.

Quaternary deposits cover the low central portion of the dome

(4). Upper Cretaceous sediments are exposed in outcrops east of the central
saline marsh. From limited exposures it appears that- the Midway, the Cane
River, and the Sparta Formations form concentric outcrop bands surrounding
most of the dome. Ti.ere is some evidence for radial and concentrate faulting
related to dome growth. In the subsurf ace, the flanking Upper Cretaceous and
Tertiary strata are steeply inclined and dip away from the dome.

B.1.6.2 Hydrologic Factors--Rayburn's Dome

At Rayburn's dome, sparse well' data indicate that the salt has
penetrated sediments as young- as the Wilcox aquifers. The' Midway Group
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aquitard is thought to sheath the salt, but the data are inconclusive. Field
data are insufficient to characterize quantitatively the subsurface hydrology.

B.1.6.3 Tectonic Factors--Rayburn's Dome .

1

I
The regional faults nearest to Rayburn's dome occur in the !

l

Hosston Zone, 72 miles away. i

B.1.6.4 Resource Factors--Rayburn's Dome

Several oil and gas exploratory wells have been . drilled on and
around Rayburn's dome; however, all were dry holes. The nearest petroleum

production is from the Danville Field, which is approximately 2 miles south-
west. The Liberty Hill and Lucky gas fields are about 3.5. miles north andI

northwest of the dome's center.
An abandoned limestone quarry in the Saratoga Chalk is located

over the dome. Small amounts of brine were produced from the dome ' in the
3

Civil War era, and minor solution mining occurred in the 1940's. There is a
potential for the development of sand and gravel deposits near the dome, but
no producing pits or quarries have been identified. Lignite development

potential is fair to good nearby. No other mineral resouces are known to have
been produced in the vicinity (17).

B.1.7 Richton Dome, Perry County, Mississippi

B.1.7.1 Geologic Factors--Richton Dome

The Richton dome is located beneath .the drainage divide between

the valleys .of Bogue Homo and Thompson Creek, tribt.. aries of the Leaf River.
Surface elevations range -between 290 and 160 f t on the dissected divide over
the dome.

The shallowest caprock and salt .at the Richton dome were
penetrated at depths of-497. and 722 ft, respectively. Borehole data show that

the dome is relatively flat-topped, with.an overhang onithe northern end. The
horizontal ~ cross-sectional area of salt. is 4,621' and 4,114 -acres at 2,000 and
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3,000 ft below MSL, respectively. Richton is one of the largest of the ~ domes
under consideration.

Geologic mapping by the University of Southern Mississippi has
shown that the Miocene Hattiesburg Formation and the Plio-Pleistocene
Citronelle Formation crop out above the dome. Quaternary and Recent alluvial
deposits associated with Bogue Homo and Thompson Creek cross the western and
eastern flanks.

83.7.2 Hydrologic Factors--Richton Dome

At this time, data are insufficient for a quantitative subsur-
face hydrologic characterization. |

l

B.1.7.3 Tectonic Factors--Richton Dome

The regional faults nearest to the Richton dome are faults' in

the -Pickens-Gilbertown Fault Zone (12). The most recent significant ~ activity
of the Pickens-Gibbertown Fault Zone occurred in Miocene time, about 11

millica years ago. The seismicity of the faults is' considered to be insigni-
ficant. Faults related to dome growth have been discovered adjacent to the,

dome.

B.1.7.4 Resource Factors--Richton Dome

Petroleum investigation on the flanks of the Richton dome has,

not identified significant quantities of ~ petroleum ^in the' uplif ted strata. On

the north flank of the dome beneath the overhang, an oil "show" was reported
in a 100-f t section .of Lower Cretaceous sand. The sand, which is more than
12,000 ft deep, was shown to be nonconnercial by extensive testing. The well
was-subsequently abandoned. The. oil-production area nearest the dome is about
2.S' miles-north-northwest and about 2.7 miles south-southeast.

The potential for caprock sulfur deposits Lat Richton was inves-
tigated, unsuccessfully, in the 1940's. Thirty-one' unsuccessful sulfur test
wells. were drilled into the caprock, eight of which penetrated salt. Active

'

and abandoned pits are present over the' dome, ,and a few sand and gravel- and
.

a
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clay pits . aro- located in the flood plains of Bogua Homo and Thompson Creek.;

There is fair potential for production of hydrogen sulfide gas. No other<

mineral resources have been identified or produced in the vicinity (17).

B.1.8 Lampton Dome, Marion County, Mississippi

.

B.1.8.1 Geologic Factors--Lampton Dome

The Lampton dome lies beneath an. east-west trending, flat-topped
divide between Upper Little Creek and Lower Little Prong Creek, tributaries of
the Pearl River. Elevations on the ridge vary from 370 to 180 ft.

The salt is 1,646 f t below the surface, and the caprock ranges
in thickness from 37 to 262 ft. Borehole and gravity data show the dome to be
conical, with no overhang. The gravity data suggest that the horizontal area
of the salt is about 1,075 and 1,236 acres at 2,000 and 3,000 f t below MSL,
respectively.

Surface geologic mapping shows that the Miocene Pascagoula and
Hattiesburg Formations are the youngest geologic units exposed over much of
the area above Lampton Dome. The Plio-Pleistocene Citronelle Formation covers,

the higher hills east of the dome and may cap the ridge beneath the dome.
Interpretation of .the borehole data indicates that the dome penetrates the;

Miocene Catahoula Formation. The basal sedimentary unit which is interpreted
to cross the dome is the Tatum Limestone Member of the Miocene Catahoula
Sandstone.

. /
.

B.1.8.2 Hydrologic Factors--Lampton Dome
!

[ The flanks of the Lampton dome are known from only a few . wells
'that indicate steeply dipping bedding and diapiric shale in contact.with the

[ dome. It is hypothesized (151) that this shale may be protecting the dome
L from dissolution because no brine has been-found in overlying sands. At this

'

time, data .are insufficient for ~ quantitative subsurface hydrologic-a

characterization. '

. . s.
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B.1.8.3 Tectonic Factors--Lampton Dome
|

The nearest regional faults are about 75 miles away. The most

recent activity in the faults occurred in Miocene time, about 11 million years
ago. The seismicity of the faults is considered to be insignificant. No

dome-growth related faults have been discovered.
.

B.1.8.4 Resource Factors--Lampton Dom _e,

The nearest oil- or gas-producing area is 4.5 miles southwest at i

Hub Field. Several exploratory wells have been drilled to investigate the
petroleum potential of the dome, but none has been productive. Exploration in

I

the 1940's for caprock sulfur deposits was also unsuccess'ul . Eight unsuc-
cessful sulfur and petroleum exploration wells were drilled over the dome.
There is a fair potential for hydrogen sulfide gas. No other mineral re- |
sources, with the exception of sand and gravel, have been produced in the
vicinity (17). '

i
|

B.1.9 Cypress Creek Dome, Perry County, Mississippi

B.1.9.1 Geologic Factors--Cypress Creek Dome
|

The Cypress Creek dome lies beneath a broad swamp at the
headwaters of Cypress Creek, a tributary of Black Creek and, eventually, the
Pascagoula River. Surface elevations over the dome vary from 180 to 270 ft.

Gravity and well data show an overhang on the north, east, and
southwest flanks of the done. Shallowest salt occurs at a depth of 1,320 f t.
Anhydrite caprock is approximately 200 f t thick. Well and gravity data show
the horizontal cross-sectional area of salt to be 2,598 acres at 2,000 f t
below MSL and 2,249 acres at 3,000 ft below MSL.

The Miocene Hattiesburg Formation lies immediately beneath

alluvium and is also found at the surface north and east of the dome. The

Plio-Pleistocene Citronelle Formation crops out over much of the surface
irmiediately over the dome according to recent mcpping by the University of
Southern Mississippi.
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B.1.9.2 Hydrologic Factors--Cyoress Creek Dome

At this time, |ata are insufficient for a quantitative subsur-

face hydrologic characteriza; in .

B.1.9.3 Tectonic Factors--Cypress Creek Dome

|

The nearest regional faults are related to the Jackson-Mobile :

Graben, 56 miles away. The most recent significant activity along the faults
occurred in Miocene time, about 11 million years ago. The seismicity of the

f aults is considered to be insignificant. No dome-growth related faults have
been interpreted.

B.1.9.4 Resource Factors--Cypress Creek Dome

Nine petroleum exploration wells have been drilled in the vicin-
ity of the dome, two in the mid-1930's and the remaining seven since 1972; the
latter were drilled to test the structure on the flanks on the dome. Four of

these wells produced oil and gas, and three still remain productive. Produc-

tion has been from beneath the overhang on the north flank.
With the exception of these wells, the nearest production is

about 9 ndles northwest, at Glazier Field. Hydrogen sulfide gas potential is
fair. No other mineral resourca, except sand or gravel, have been produced
in the vicinity (17).

B.2 Paradox Basin

B.2.1 Summary

The Paradox basin in southeastern Utah and southwester q Colorado

is a part of the Colorado Plateaus, an area ' of high plateaus and deeply
incised canyons. The extensive flat-lying sedimentary rocks are sometimes
folded into structural upwarps and occasionally interrupted by Tertiary vol-
canoes, volcanic necks, and igneous intrusions. Approximately 12,000 square
miles of the Paradox basin are underlain by the bedded salt of the Paradox
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Formation, which was deposited some 300 million years ago during Pennsylvaqian
time. More than 25 salt layers, separated by interbeds of shale, carbonates,
and anhydrite, are present in some parts of the basin. The Paradox basin is
one of the salt regions identified in a national screening as having potential
for the eventual siting of a waste repository (18). Evaluation of the basin
was begun in 1972 by the U.S. Geological Survey (19).

Existing information on the Paradox basin is not yet sufficient
to make decisions concerr.ing the suitability of any parts of the region for a
repository. The information is quite sufficient, however, for identifying and I

guiding subsequent investigations. Chief among these are to acquire much more
and better data on the hydraulic and chemical characteristics of the ground
water flow systems, Quaternary history, and present-day seismicity. These and

other investigations are now under way in the basin, in general, and, in some
detail, in the four areas of the basin discussed below.

From existing information, a regional characterization (19) and
screening of the Paradox basin have been completed. On the basis of a number
of geologic f actors and specifications (e.g., thickness of salt, depth to

salt, and location of mapped faults), the basin was divided into several
areas. The geologic screening results were then combined with environmental
screening maps to identify four areas recommended for further evaluation in
the " area" level study phase (see Figure B-4). One of the four areas, Salt

Valley, in Grand County, Utah, had been previously identified by the U.S.
Geological Survey (19). The other three areas, Gibson Dome, Elk Ridge, and
1.isbon Valley, are in San Juan County, Utah. The results of geologic field |

and literature studies now in progress will be used to compare the character-
istics of the four areas as a part of the process of deciding whether loca-
tions in one or more of the four areas will be recommended for further
investigation (20).

In the near future, at least two deep holes, one in the Gibson
Dome area and one in the Elk Ridge area, will be cored, logged, and exten-
sively tested. Samples of fluids recovered during testing operations and
samples of cores will be analyzed at the site and in the laboratory for water
content of salt, mineral composition, kerogen and hydrocarbon content, and-

hydrology. A seismic reflection line is planned at Elk Ridge. Surface elec-
tromagnetic surveys will be conducted at Gibson . Dome and Elk Ridge. Hole-to-
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4339-6, U.S. Geological Survey, 1973

8 - 20



_ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

surface electrical resistivity surveys will be run in the vicinity of the

planned deep drill holes. Data collected by a 24-station microseismic network
over a period of 6 months are being analyzed.

Area-level field investigations for Lisbon Valley will be much
less extensive than those in the other three areas because of the large amount
of information amassed earlier for mining activities in this area. The poten-
tially unfavorable characteristics of this area include the near proximity of,

a producing oil field and of extensive uranium deposits and exploration.
Moreover, the area is known to be much more geologically complex than the
Gibson Dome and Elk Ridge areas but probably less complex than the Salt Valley
area.

Preliminary results from investigations conducted to date indi-
cate that bedded salt layers of sufficient volume are present at suitable
depths in the Paradox Basin. Historically, many earthquakes with Richter
magnitudes exceeding 1.0 have occurred within 200 miles from the basin, but
only 17 were in the basin itself. The largest had a Richter magnitude of 4.3
and was located near the basin margin. Potential resource-conflict and ground
water flow system evaluations are in progress. |

l

B.2.2 G_eologic Factors--Paradox Basin

|

Geologic factors are being evaluated by examining existing sur-
|face and subsurface information, which is being supplemented by additional I

drilling and field geologic methods (21, 22).
The Paradox basin is a Paleozoic asymetrical depositional

trough. Underlying the Pennsylvanian evaporites of interest are marine
deposits, generally carbonates and shales, of Cambrian and Mississippian age.
No Silurian and Devonian rocks are present in the basin.

Up to 15,000 ft of Pennsylvanian and Permian sediments are pres-
ent in the basin. The Permian sediments are primarily clastic. .During the
Pennsylvanian evaporitic stage of deposition, salt, carbonates, anhydrite, and
black shale were deposited cyclically in the central part of the basin, but
carbonate deposition predominated on the margins of the basin.

Mesozoic strata consist mostly of a thick marine shale and non-
marine clastics. The youngest rock exposed in the basin is a Cretaceous shale.

.
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The regional structure of the basin is a homocline that dips at
very low angles to the north and northeast. Superimposed on the regional
structure are smaller structures--anticlines with very-low dipping flanks;

steeply dipping monoclines; salt anticlines, both diapiric and nondiapiric;
and Tertiary igneous intrusives that caused localized uplift and doming.

Three holes, two drilled to a total depth of about 1,250 f t and
the third nearly continuously cored to a total depth of over 4,000 ft, have ,

been completed at Salt Valley. Seismic refraction, electromagnetic, and hole-
to-surf ace electrical resistivity surveys have been completed, as have two
crosshole vertical seismic surveys to determine whether this "off-the-shelf"
technique can be used to map the position and attitude of the anhydrite-
carbonate-shale interbeds in the thick salt core of the Salt Valley anticline.

Analysis of these data is not yet completed. Similar exploratory investiga-
tions are planned or under way in other areas of the basin.

B.2.3 Hydrologic Factors--Paradox Basin

In addition to an evaluation of existing ground water informa-
tion, hydrologic factors are being investigated by both deep and shallow
drilling and testing in strata below and above the salt beds of interest
(20). Hydrologic testing in three pairs of shallow holes, each approximately
600 f t deep and bottomed at or near the top of salt, is under way at Salt
Valley.

Analysis of field data and 4,000-ft of core from Salt Valley has
not been completed. Preliminary results indicate that Salt Valley is poten-

tially f avorable hydrologically because of the very low rates and quantities
of ground water flow in the caprock. Very long periods of time would thus be
required for water to circulate through the caprock. This conclusion is sup-

| ported by the age (more than 36,,000 years) of a sample of water from the cap-
rock, dated by the carbon-14 technique (22).

The subsurface hydrologic systems are influenced by structural
and topographic elements in and bordering the Paradox basin. The Uncompahgre

and Monument uplif ts control the general pattern of ground water movements in
and through the basin. The deeply incised terrain creates localized depar-
tures from the regional flow pattern (21).
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Recharge to aquifers occurs mainly on the west flank of the San
Juan Mountains and the west side of the Uncompahgre uplif t. Recharge also
occurs on and near the Monument uplift, the Abajo Mountains, the La Sal

Mountains, and the dage Plain (21).
Discharge from strata above the Paradox Formation occurs along

the canyon walls of incised river channels. Wells into very shallow strata

are also points of discharge in the region. T'he strata below the Paradox
Formation do not crop out in the basin, and unless there is an upward movement
of water into the overlying rocks, discharge from these strata would, in
general, be to the south or southwest and outside the Paradox basin (21).
Sufficient data have not yet been acquired to permit any conclusions concern-
ing the upward migration of water from below, to, or through the salt layers
or interest.

B.2.4 Tectonic Factors - Paradox Basin j

Tectonic factors have been and are being addressed by an

evaluation of remote-sensing data, field mapping, review of historical

records, and microseismic monitoring.

Most of the faults in the basin are associated with the salt
anticlines. Normal faults are found along the crest of these structures,

where collapse resulted from the solution of the underlying salt. Pre-salt
subsurf ace faults have not been traced into the post-salt surface faults.

The Paradox basin is a region of low seismicity historically.
Out to 200 miles from its borders,1,175 earthquakes of Richter magnitude 1.0
or greater have been identified to date. Of these, only 17 were in the basin
proper, the largest being a magnitude 4.3 quake that occured in the extreme
northwest corner of the basin near Green River, Utah, in July 1953 (21).

B.2.5 Resource Factors--Paradox Basin

The major known or potential energy and mineral resources in the
basin are oil and gas, potash, and uranium / vanadium. Major deposits of salt

are also present. Minor' amounts of some base and precious metals have been
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produced (23). Possible conflicts with use of the land for a waste repository
are being evaluated.

Portions of the core in Salt Valley, when removed from the core
barrel, were bleeding very minor amounts of hydrocarbons. Only trace amounts
of potash minerals were present in the core.

Hydrogen sulfide gas was detected at one of the 1,250-ft holes
while drilling in caprock overlying the salt. The gas persisted only a short
period of time. It was detected when a small amount of fluid, recovered dur-

ing testing of the caprock, was exposed to atmospheric pres'sure.

B.3 Permian Basin

The Permian basin is a series of sedimentary basins in which

rock salt and associated salts accumulated during Permian time more than 200
million years ago. It includes the western parts of Kansas, Oklahoma, and
Texas, and the eastern parts of Colorado and New Mexico. Since Permian time
the basin has been relatively stable tectonically, although some parts have

tilted and warped, undergone periods of erosion, and been subjected to major
incursions of the sea.

The Permian basin is one of the salt regions identified in a

national screening as having potential for the siting of repositories (18). A
regional characterization has been completed, and area-level studies are under
way in the Palo Duro and Dalhart basins of Texas, described below in B.3.1.

In the New Mexico portion of the Permian basin, search for sites
suitable for the Waste Isolation Pilot Plant led to the Delaware basin and the
subsequent selection of a proposed site in the Los Medanos area which is dis-
cussed in B.3.2.

,

!

I B.3.1 Palo Duro and Dalhart Basins

B.3.1.1 Summary

The Palo Duro and Dalhart basins (Figure B-5) were identified as
areas with potential -for siting a waste repository throug5 a .creening of the
Permian Basin bedded-sait deposits (24). These basins a.e located largely in
the Panhandle of Texas. The area is typified by an almost featureless plain
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that'is dissected by headward-cutting streams and is underlain by nearly'hori-
zontal Mesozoic and Cenozoic sedimentary formations.

Current investigation are in a subregional evaluation phase in
which some' field work has been done. Data available for direct analysis

include (1) 8,000 ft of salt-bearing -core, (ii) petroleum source-rock quality
and thermal maturity data for resource ' assessment studies, (iii) drill-stem
test data for regional hydrogeologic studies, and (iv) quantitative data on '

the climatic history, erosional potential, and shallow subsurface salt dis-
solution for predicting the long-term geomorphic integrity of the Texas
Panhandle.

The data assembled to date are preliminary. Detailed area and
site investigations began in FY 1980. Specific questions pertaining to

hydrology, tectonics, geology, and resource evaluations will be the subjects
of proposed investigations (25). However, based on the abundance of evaporite
deposits which are interbedded with potential barriers to ground water migra-
tion (e.g. shale), the remoteness of the region, and its marginal potential
for resources, the region is a likely' candidate for further evaluation.

B.3.1.1 Geologic Factors--Palo Duro and Dalhart Basins

Upper Permian salt-bearing ' strata in the Texas Panhandle are
composed of salt, anhydrite and/or gypsum,~some limestone,.and red beds.
These rocks occur in cyclic units and were deposited in a range of shelf,
supratidal, and terrestrial environments. Upper Permian rocks may be sub-
divided into genetic units that record regional ~ changes in facies patterns
(Figures B-6 and B-7).

Each genetic sequence can be subdivided into second-order
cycles, which record .more localized variations of shifting facies patterns.
The Tubb Formation is the upper part of a major genetic unit comprising strata
of the Lower Clear Fork and Tubb Formations. Lower Clear Fork strata lack the
thick red-bed tongues exhibited by the Tubb Formation and record the early-
stage dominance 'of .' coastal evaporite and carbonate' environments in the study ;
area. Tubb strata record the late-stage dominance of mud-flat environments,

.which migrated basinward from updip areas.

_
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Source: (Reference 26) S.P. Dutton et al ., Geology and Geohydrology of the
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The Upper Clear Fork and Glorieta Formations comprise another
major geneti:: unit and exhibit ~a facies succession similar to that of the

Lower Clear Fork and Tubb rocks. The Upper Clear Fork and Glorieta strata
contain a high proportion of siliciclastics intercalated with evaporites.

Upper Clear Fork rocks record the early-stage dominance of coastal . evaporite
and carbonate environments in the study area. Glorieta rocks record the
late-stage dominance f mud-flat - environments. Continental terrestrialo

salt-flat environments also developed extensively during the deposition of the
Glorieta Formation in' landward areas of the northern Panhandle. Numerous

* second-order cycles displayed by Upper Clear Fork-Glorieta strata are delin-
eated in the stratigraphic column (Figure B-8).

The San Andres Formation in the region was deposited mainly in
coastal evaporite and carbonate environments. These. strata lack significant
quantities of the intercalated siliciclastics characteristic of the older

Clear Fork strata; consequently, massive red-bed tongues deposited on mud
flats are largely absent. Thick, laterally persistent, shallow-marine carbo-

nate beds in the lower part of the San Andres record a marine transgression
that was extensive over large portions of the study region.

~

Post-San Andres formations are composed dominantly of silici-
clastics and salt deposited in evaporite, mud-flat, and terrestrial eolian /

continental sabkha environments. Two major post-San Andres salt-bearing units-
are the Seven Rivers and the Salado Formations (26), in which mudstone-
dominant beds interfinger basinward with- more massive salt. Salt facies
relationships are similar to those observed in the updip Clear Fork -evaporite
facies. Salt environments extended south and west of the Panhandle area into
the Midland and Delaware Basins. In the Panhandle area, . red beds intertongue
downdip with the salt. Because of the extent of the generally flat-lying

deposits, it is anticipated that the region can be . adequately characterized.
Additional information on the nature and the extent of facies changes through-
out the study region is being compiled-(25).

,

B. 3.1.2 - . Hydrologic Factors--Falo Duro and Dalhart Basins

The Palo Duro_ and Dalhart basins. are old, compacted ' basins that"

are marked by both shallow and deep-basin hydrologic systems (27). The thick
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sequence of alternating. salt and clayey layers in the study area shows some
potential for providing hydrologic barriers comprised of clayey interbeds.

Potentiometric-surface maps of Pennsylvanian and Lower P,ermian
shelf and shelf-margin carbonate units reflect the primary directions of deep-
basin ground water flow. In the Dalhart basin, recharge apparently occurs at
the western side of the basin and discharge at the eastern side. near the

northwestern end of the Amarillo uplif t. In the Palo Duro basin, ground water
in the Lower Permian aquifer tends to flow from west to east and northeast,
discharging along the southeastern and northeastern edges of the basin.
Regional flow in the deeper Pennsylvanian aquifer, however, is not marked by
simple patterns, which may reflect a relative lack of data. In both aquifers
(Lower Permian and Pennsylvanian) there is evidence that gradational changes

(vertical and horizoatal) in rock type control the distribution of the

hydraulic head and hence the regional ground water flow.
The availability of hydrologic data for water-bearing units in

the region varies directly with the amount of pumpage from the units. The

best available data are for the major aquifer of the High Plains, the Tertiary
Ogallala Formation. Limited data are available for the Cretaceous, Triassic,

and Permian units below the Ogallala Formation because the water is generally
saline and is rarely used for domestic and agricultural purposes. Small

amounts of water are pumped from Permian aquifers of the High Plains.
There is a zone of active dissolution in Permian bedded salts

| which closely parallels the escarpment of the southern High Plains (24). If

this relationship is not fortuitous, then the retreat of the escarpment and

the southward and westward expansion of the dissolution zone may occur at
similar rates. To ensure safe storage of radioactive waste, the integrity ofi

the storage site must be protected from exposure to erosion or salt dissolu-
tion. Therefore, it is necessary to develop the capability to predict the

rates of scarp retreat and salt dissolution.

The average annual solute discharge for the southern High
Flains of Texas from 1969 to 1974 was 2.7572 x 106 tons of dissolved solids
per year, including 1.1343 x 106 tons of chloride and '0.513 x '106 tons of

~

sulfate (28). Nearly half this load was supplied by the Prairie Dog Town Fork
of the Red River, the average load of. which, for the same period,; was equiva-
lent to 119.54 x 105'ft3 of halite. The sampling technique suggests that

B - 30
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' these are minimum values for solute loads, because discharge through alluvium

is not included. An - analysis of these salt-dissolution rates indicates that,
at present, salt dissolution is more rapid along the eastern Caprock Escarp-
ment than along the Canadian River Breaks. The maximum mean annual horizontal

rates of salt dissolution range from 0.0019 to 0.1138 f t/yr. The maximum rate

of vertical distolution ranges from 0.767 x 10-5 ft/yr to 30.886 x 10-5
ft/yr (28).

Three time periods were used in analyzing the retreat of the
eastern Caprock Escarpment: (i) since the end of deposition of the Ogallala
Formation about 3 million years ago, (ii) since the end of deposition of the
Seymour Gravel about 600,000 years ago, and (iii) since the deposition of a
Holocene terrace about 8,000 years ago (24) (Table B-1). Although the rates
of slope retreat probably varied with climatic cycles, determining slope
retreats over long time intervals averages out variations.

The initial results of these studies are being reviewed. The

representativeness of a single sinpe-retreat rate is always questionable,
particularly if it is used in predicting future rates. However, since the

slope-retreat rates calculated by three different. methods and the maximum
salt-dissolution rates established for areas erst of the High Plains differ by
less than a f actor of 4, some credibility is given to these rates.

;

Table B-1. Time Periods: Retreat of Eastern
Caprock Es arpment

Time (years) Required to I

Area Retreat 1 km

Little Red River basin 7,200-8,600

Caprock Escarpment retreat since 5,500
deposition of the Seymour Gravel

Caprock Escarpment retreat since 9,000
deposition of the Ogallala Formation

Slope retreat of the Canadian River 24,000-32,000
Valley near Fritch, Texas

Source: (Reference 24) T. C. Gustavson et al., Locating Field Confirmation
Study Areas for Isolation of Nuclear Waste in the Texas Panhandle,
ONWI/79/E-511-00300-4, Bureau of Economic Geology, University of
Texas at Austin, Austin, TX, March, 1980

B - 31'

<
.



- - _ - ._.

-

.

B.3.1.3 Tectonic Factors--Palo Duro and Dalhart Basins

Two northeast-trending - f ault systems ' occur along the . western
Caprock Escarpment in eastern New Mexico. The Bonita fault extends more than
10 miles. Another fault (referred to here as Alamosa fault) lies along
Alamosa Creek and extends more than 7 miles. Both fault systems are grabens,
consisting of normal faults dipping to. the northwest and one or more' anti-
thetic faults dipping to the southeast.

The Alamosa fault system extends along Alamosa Creek about 7
miles. However, differences in elevation of stratigraphic units on either

side of Alamosa Creek Valley and alignment of the creek along the fault sug-
gest that the fault may extend southwestward for several kilometers beneath
Quaternary alluvium. A stratigraphic cross section constructed across the
lower reach of Alamosa Creek and across the extension of the Alamosa fault
indicate that the San Andres Formation is stratigraphically continuous beneath
the f ault projection. The overlying Artesia Group (equivalent to the San
Andres Formation in Texas) thins approximately 180 f t near the fault. Thinning
of the Artesia Group is due to 'the dissolution of salt beds. Thinning of the
Artesia Group has allowed collapse of the overlying strata, including the
Alibates Dolomite Lentil. The Alamosa fault system cuts strata of both the

Triassic Dockum Group and the Tertiary Ogallala Formation, indicating that the
fault is at most late Tertiary and possibly Pleistocene in age. The Alamosa

fault may be a southeasterly extension of the Bonita fault.
The Bonita fault displaces Permian, Triassic, and Cretaceous

rocks, but Pliocene Ogallala sediments overlying the fault are not displaced.
Therefore, it appears that the Bonita fault is . significantly older than, and
not directly related to, the Alamosa fault system. A stratigraphic section of
the area between .the two faults shows no evidence of abrupt structural dis-
placement, although salt dissolution has occurred and' increases . northwest-
wardly. Analysis of a stratigraphic section across the fault,- based on geo-
physical and lithologic well logs, suggests that approximately 250 . f t of
thinning occurs in the Artesia Group, which can be explained by dissolution
of. salts ~ and .the . subsequent . col.lapseJ of overlying -strata', including the
Alibates. ~ The subsurface. collapse .is manifested 1at .the surface by the Bonita
fault system, where surface displacement is also approximately 250 ft.
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Small-scale faulting has occurred in Hall County, south of the
Prairie Dog Town Fork of the Red River and approximately 12 miles west of
Estelline, Texas. Six fractures were recognized by freshly repaired cracks in
a paved secondary road. Faults trending across the road were continuous, with
open fractures to 4 in in adjacent cultivated fields. Vertical displacement
across f aults on the road surface ranged from 0.4 to 1.6 in. All the f aults
were aligned between N 250 E and N 600 E. These faults are associated
with two large, undrained depressions. This area of Hall County lies within

the zone of active salt dissolution, and Estelline Spring, the largest saline
spring in this region, is only 13 miles east of the fault area. Undrained

depressions, a saline spring, and faults suggest that salt dissolution and
collapse are occurring beneath the fault area (26).

B.3.1.4 Resource Factors--Palo Duro and Dalhart Basins

The potential for petroletan resources in the basins is being
evaluated by studies of source rock quality and thermal maturity. Current
data suggest only marginal potential for petroleum resources. Further studies
are proposed to thoroughly evaluate petroleum and mineral resources (25).

Source rock quality is measured by the total organic carbon
content (T0C). To determine whether sediments in the Palo Duro basin contain
sufficient organic matter to generate hydrocarbons, 341 samples collected from
20 geographically scattered wells were analyzed for T0C. Samples were taken

from a range of depths and stratigraphic intervals, with sampling concentrated
in Pennsylvanian and Lower Permian shales from basin and prodelta facies.

The total organic carbon content ranged between 0.008% and
6.866%. One hundred thirty-four samples contained more than 0.5% TOC, which

-

is the cutoff between poor and fair hydrocarbon source rocks. The highest
values of TOC occur in Upper Permian San Andres dolomite in the southern por-
tion of the basin. Pennsylvanian and Wolfcampian basinal shales contain up to
2.4% TOC and are fair to very good source rocks. Organic carbon in Pennsyl-
vanian and Wolfcampian strata is most abundant in the basin-center deposits
(26).

. Source beds in the Palo Duro basin had to reach' sufficiently
high temperatures to generate hydrocarbons from disseminated organic matter.
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The physical characteristics of the' remaining organic material, especially
color and reflectance, ' indicate maximum paleotemperatures. Kerogen color and
vitrinite reflectance were studied for all samples containing more than 0.5%

:. TOC (26).

B.3.2 Los Medanos Site

B.3.2.1 Summary

Geologic and hydrologic investigations of a site have been s

under way in southeastern New Mexico since 1972. This site is within a region
of the Delaware Basin and is .about 26 miles east of Carlsbad, New Mexico
(Figure B-9). This site is well characterized and has previously been pro-
posed by the Department for the Waste Isolation Pilot Plant (WIPP), a facility
which was authorized by Congress as a site for the disposal of transuranic
wastes from the defense program. The site investigations have been summarized
in a comprehensive Geological Characterization Report (29).

The data collected to date indicate that the site has all the
desired features, with the possible exception of some conflict with natural

,

resources. While it is possible that future exploration at depth or improved
understanding of geologic processes could reveal aspects undesirable for a
repository, these prospects are unlikely. Calculations performed for a poten-
tial breach of a WIPP repository by future human activity, believed to be more
likely than natural -failures of the geologic barriers, indicate that, even
under extremely conservative assumptions, the potential hazard to the general
population is very slight--less than that from naturally occurring radiation
(30).

B.3.2.2 Geologic Factors--Los Medanos

The' geologic investigations .at the Los Medanos site include
,

field mapping at the site and in ' adjacent areas of interest; the drilling of
more than 70 new holes, which included taking overL12,000 ft' of core; studies -

~

. of the petrologic, . mineralogic, geochemical, and thermophysical properties of
core- (and ' fluid) samples; .releveling 200 km first-order vertical control

B .34,-
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lines; and establishing 300 km of new first-order vertical control lines for
examining subsidence and tectonic activity.

A normal stratigraphic sequence of evaporite beds (Castile,
Salado, and Rustler Formations) has been established as existing at the site
(Figure 8-10). The evaporites have a thickness of about 3,500 ft with top and
bottom depths of about 500 to 4,000 ft respectively. Within the site there is
a gentle dip of about 1 degree eastward which may have slight undulations
imposed upon it. The lower cvaporites in the northern part of the buffer zone

4show structural (not necessarily tectonic) complexities which are still under
study. Mechanical flow of halite has been observed in some cores from the,

*

area and contributes some structural complexity. The evaporite section is not
pure halite, and several minerals have significant sorptive properties. In
flowthrough tests, sorption ratios for nonchelated ions (particularly fission
products) correspond very well with those from batch measurements. For
actinides, the systematics of sorption are considerably less well defined.
Distribution coefficient (K ) values of less than 1 are indicated for tech-d

netium and iodine in different rock types; the Kd values for other - fission
3products generally range from 1 to 10 , while those for the actinides range

4to about 10 . High Kd values are more common in the dolomitic aquifers of
the Rustler (30). Thermomechanical testing of evaporite rocks, particularly
rock salt, at the Los Medanos site demonstrates the similarity in properties
to evaporites elsewhere. Thermal conductivity averages about 5.75 W/m-K for
rock salt in the lower Salado. Mect.r ic. 1 testing (with confining pressures
of less than 3000 psi, a deviatoric stress of less than 5,000 psi, and temper-

0atures of up to 250 C) has been conducted at strain rates of 10-6 -1sec
(quasistatic) to 10-10 -1sec In situ' testing of stress in boreholes has.

not been undertaken at the site.

B.3.2.3 Hydrologic Factors--Los Medanos

Hydrologic evaluations of the Los Medanos site have used both

existing and new borehole data for aquifers above and below the repository
horizon. To date, 45 new hydrologic boreholes ,at 24 different locations have'
been drilled. Two of these holes, one north and one south of the site, sample
the Delaware Mountain Group aquifer, which is below the salt beds. The
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regional hydrology ~of these deep formations has been characterized in. previous
investigations, and the new holes-have confirmed the earlier results (31).

The objectives of the hydrologic . testing program are to deter-
mine the static head or reservoir pressure, the water-yielding and transmit-
ting potential of the rock ' strata, and the chemistry of formation water.

Tracer . studies are now under ' way to quantify the pertinent parameters' and
their degree of variability in the 'Culebra and Magenta aquifers. Special

attention will be given to fracture permeability. These data are then used in
developme'nt of a model of the local and regional hydrologic system for evalu-
ating the long-term aspects of salt dissolution and, in the event of a reposi -
tory breach, the transport of radionuclides to the biosphere. The method used

in developing the model is to characterize the hydrologic . system in ' detail at
the repository and to acquire data at successively larger intervals as the

_

distance from the repository increases. There are four triangular nests of

three hydrologic holes each within the repository site. These nests have
spacings of 50 to 100 f t between holes. The next larger scale of data acqui-
sition employs spacings of 0.5 mile .between test points. These holes in turn
form part of a still larger grid spacing of hydrologic holes that' surround the
site at separations of -2 or more miles and which provide data on' regional

hydrology.

S'ince the most plausible natural mechanism for breaching' the
repository is the dissolution of the salt barrier by ground water, this aspect
was studied extensively. Regional geologic studies (28, 32) in the Delaware
basin have revealed -areas of past and present dissolution activity. Knowledge
of these regional dissolution fronts and of local collapse features induced by

,

salt dissolution- prompted gepphysical investigations to ensure that such

features do not exist in, or near enough to,. the site to present a hazard to
the long-term . integrity of the repository. Geologic studies (32,- 33) -have -
indicated that the regional dissolution | front: west of the site . area .is -

| progressing eastward at -a ~ rate of .less than 6 to -8 miles per million Lyears.
Conservatively determined values indicate that the: repository-beds will not be
breached by regional dissolution for many millions of years. . Since these are.

. average rates covering the past 600,000 years, ~ the. effect of- previous pluvial'

cycles . is Lincluded and, - consequently, . the forecast also. incorporates - the
effect .of similar future pluvial cycles. More recent studies (34) have shown

~
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| the-. above dissolution rates : to be . very conservative since the- observed ' dis- j

.

solution is now known to have occurred over a much longer time. The mapping I

also shows that no development of known breccia pipes has occurred in the I
~

region in the past 500,000 years.
' The 'parametcrs. of the. hydrologic system at the site are quite

f avorable with respect to the transport of radionuclides. While . the _. actual i;

heads indicate that water would not carry ~ isotopes up into the Rustler aqui- I

fers, this assumption has been made to pern'.it conservative safety analyses.
The ground water gradient at the site indicates that water in the Rustler
aquifers would discharge to the Pecos River at Malaga Bend. The shortest
possible path length is 15 miles, and the transit- time for water is more than
1,000 years. Studies under way will allow a more precise estimation of this
time. Aquifers above the repository produce less than 1 gpm and have such a
high dissolved-solids content that the water is not potable. Conventional

dating techniques have not. been useful because- of. the' geochemical nature ~ of
the fluids and the aquifer rocks.

The following conclusions on hydrology can be drawn from
studies by the U.S. Geological Survey (35):

,

1. The water levels of fluid-bearing zones in the;

Rustler Formation show. that 'the hydraulic poten-*

! tial decreases with depth, indicating downward
fluid movement in rocks above the salt should -

there be any openings. However, the potential-
head differences between fluid-bearing units;

' indicate no vertical hydraulic connection.
'

2. The distribation of head in. the Culebra Dolomite
indicates ground water flow - southeast across .the
site and then south-southwest,. with the gradient
varying from 7. to 120 f t/ mile. Transmissivity
varies from 140 ~ ft2/ day .on the1 flanks of ' Nash'

draw to 10-1 2f t / day ' near the center |'of the
site and 10-4 f t2/ day on the east side. .This-

variation is' attributed to =the dissolution of-

salt tin 'the: Rustler, which decreases" from the
complete removal of salt in the west to little or.

no removal in the east'.

3. Potential-head measurements in the Magenta Dolo-
mite - indicate fluid ' mo'vement . to' . the southwest.,

The hydraulic- gradient -isc 50 -f t/ mile, and trans-
missivities range from 0.01 to 2.0-ft2/ day. ^"

-

,

|
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4. F'luids in the Culebra and Magenta Dolomites ap-
parently - move primarily' along fracture systems
and-through-low-yielding fractured rocks.

5. Very low yields of -brines were found along the
Rustler-Salado contact, with transmissivities
ranging from 10-1 to 10-5 ft2/ day.

"

6. Preliminary evaluation of tests on Bell Canyon
sands at drill hole AEC-8 shows that the potenti-
ometric surface, corrected to fresh water dens-
ity, is higher than similarly corrected levels of
fluid zones in the Rustler.

7. Preliminary data from drill holes outside the Los
Medanos site indicate a ground water boundary at
a surface ridge between the site and San Simon
Swale.

8. The ground water gradient for the Santa Rose
Sandstones appears to be determined by a hydro-
logic divide west of San Simon Swale and by local
pumping practices near the Pecos that cause flow
into the Pecos rather than directly into Texas.

B.3.2.4 Tectonic Factors--Los Medanos-

Investigations of structural features and. tectonic processes
involve seismic reflection methods '(over 1,500 miles of industry data, 152
line miles of new data), resistivity (over 9,000 measurements), gravity, aero-
magnetics, boreholes and borehole geophysical logging, seismological monitor-
ing, mapping, and radiometric dating (36).

The geologic record demonstrates large-scale. downwarping in
Paleozoic time resulting in a thick sedimentary sequence. Since Paleozoic
time, the area has been emergent with a marine transgression in~ the Cretace-
ous. Deposition _of the Ogallala _ Formation and the format' ion and preservation
of the Mescalero caliche (500,000 years old) are indicators of the general-
tectonic a'n'd climatic' stability of the los Medanos area. Level lines i.9 the
area indicate uplif t relative ~to the -site area Lat- the Guadalupe Mountains and
the. Diablo -Plateau. Releveling Lof elevation lines will help establish - the,
present rates' of uplift ~ or _ subsidence- in the_ basin. No' faults of tectonic
origin are' known in the - Mescalero caliche , at .or Lin the vicinity of the Los

'

Medanos site. The nearest- known recent fault is west- of- the| Guadalupe -Moun-

.

'
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tains, about 65 miles west-southwtst of the site. Three seismic events have
been reported within 35 miles of the site; the magnitudes ranged from 2.3 to
3.6 (37). Seismic activity is common at slightly greater distances at the
Central Basin Platform, but studies of the activity indicate water injection

for secondary recovery from oil fields as the probable cause (38). The near-
est igneous activity is a dike that intrudes the evaporites about 9 miles from
the site. Potassium / argon dating of the dike indicates an age of about 35
million years. Larger intrusives of this age are known 75 miles west-south-
west of the site; further west there are late Tertiary extrusives.

B.3.2.5 Resource Factors--Los Medanos

Natural resources within any major salt basin are an ever-

present potential . Some potash and potentially some hydrocarbons exist within
the buffer zones established for the WIPP repository. The estimated amounts

within zones I, II and III (which may not be exploited if the Los Medanos site
is developed) are 13.3 x 106 tons of langbeinite, 21.1 x 109 f t3 of gas,
and 258,000 bbi of condensate. The potash resources have been established by
direct drilling and core assay; the hydrocarbon reserves have been statisti-
cally estimated utilizing seismic information on geologic structure and pro- 1

duction experlence in the region.
Natural gas reserves, since they occur at depths of 10,000 to

15,000 ft, well the below proposed repository horizons, may be produced by
deviated drilling without breaching the salt beds inside zones I, II and III.
It may also be possible to extract the potash from above the repository with-
out affecting long-term safety, but this prospect has not yet been firmly

es'tablished.

The consequences of future human intrusion by exploratory
drilling into the repository have been evaluated for the WIPP; the results

show that the consequences would not pose significant hazards to mankind in

the future (38). In addition, the water in aquifers at and near the Los

Medanos site is not available in quantities and quality that make its use

4ely for domestic or irrigation purposes.
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B.4 Salina' Basin

B.4.1 Summary.

The Salina basin as here defined is a portion of the northeast-
een United States' underlain by bedded salt in a rock unit called the Salina
Graup or Formation of Late Silurian age. This salt formation is present' in-

the northern Appalachian and Michigan basins in pdt of Michigan, Ohio, Penn-
sylvania, and New York (Figure B-11).

A regional study of the Salina basin has been made from the
existing geologic literature and geologic data available from public and priv-.

ate sources. For the Ohio and New York portions of the Salina basin, the
regional studies have been completed (39, 40) and initial evaluations have
identified study areas that appear to be geologically favorable for more de-
tailed field investigations. The Michigan portion of the Salina basin has not
been studied in sufficient detail to allow the identification of study areas.

However, it is known that Michigan has salt beds' of sufficient thickness and
extent to meet present specifications for waste repositories and . that these
beds occur at suitable depths.

No field investigations have been carried out by the Department
in the Salina basin. 'Some field work in support of repository siting has been
done by the U.S. Geological Survey in New York and in Pennsylvania..

| The Salina basin is considered - to be tectonically stable;' it
has low seismicity and is far from crustal plate boundaries. The potential
for uplift or subsidence in the next million years appears to be minor. Even

at extreme rates of denudation, surface lowering 'by stream erosion .will not
threaten a repository located at least 1,000 ft below the surface. . Although -
glacial scour in the Finger Lakes region of New York has reached estimated.

.

depths of 1,200 f t to possibly as much as 1,800 ' f t, this process is not -s

general and was caused by specific geologic conditions. The amount of glacial
scour in valley areas needs to be investigated further', but _ upland areas ap-
* pear to be favorable with regard to potential future glacial erosion..

!New York salt beds were' deformed by Paleozic - thrust faulting,

p folding, and probable decoll_ement with tear. faults. .The. structure'is complex,

.
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but present information indicates that large areas within the State should be
investigated further.

i

A large area in Northeastern Ohio meets preliminary screening
;

! requirements: salt with an aggregate thickness of 75 f t or more, and depths
between 1,000 and 3,000 f t. Ohio has more oil and gas production than New
York and a high potential for future resource development. Resource conflicts

|
j may be severe for siting a repceitory in Ohio.

Reginnal analyses suggest that Michigan is geologically favor-
| able. No detailed screening has been done, but the stratigraphy and the

; structure of the salt beds appear to be promising.
l Much additional information is needed before a repository site

could be identified in the Salina basin. The deep ground water circulation
and flow systems are not known. The detailed composition of the salt beds is
not known. The water content and the mineral impurities of the salt need ~to
be determined. In addition, the nature of facies changes within the salt beds
and surrounding rocks needs to be evaluated. Dissolution of salt is probable
in New York where the Salina Group crops out. The rates and processes of

dissolution are not known and need to be evaluated. Northeastern Ohio does

not appear to have significant present-day dissolution. The potential for oil
and gas development in the Salina basin needs to be evaluated.

The regional geologic studies of the basin indicate that New
York, Ohio, and Michigan all have both favorable and unfavorable geologic '
characteristics for a repository. At the present, no part of the basin-can be
judged acceptable or unacceptable for repository siting.

B.4.2 Geologic Factors--Salina Basin

The geologic factors' addressed in the Salina basin studies were
focused on the stratigraphic distribution and structure of the salt beds, the
Salina Group and the enclosing sedimentary . rock section (Figure B-12). The

geologic history of the basin, the deposition sequences and source of sedi-
ments, the surficial geology,' erosion and denudation rates, glacial erosion,-
the location of faults, the definition of joint patterns, and dissolution

structure were also assessed. Most of the study effort necessarily concen-
trated on the geometric ' configuration of the salt ' beds and their structural
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setting. The thickn:ss, depth, and lateral extent of salt were the primary
considerations in screening the region,for areas suitable for further study.

The bedded-salt deposits of the Northeastern United States are
confined primarily to the Michigan and Appalachian basins, which together
constitute the Salina basin. The salt deposits are thickest and most exten-
sive in the Michigan basin. Extensive but signifi antly thinner salt deposits
accumulated in the Appalacnian basin, with deposition centers in northeastern
Ohio and north-central Qw York.

The evaporite deposits overlie Niagara dolostone throughout the
region. The Salina Group in the Appalachian basin and the Salina and Bass
Islandt Groups in the Michigan basin contain Late Silurian salt beds inter-
layered with anhydrite, dolostone, and shale, which could provide multiple
barriers to radionuclide migration in the ground water system. The total
thickness of the upper carbonate and evaporite sequence is about 6,000 ft in
the Michigan basin and about 3,000 ft in the Appalachian basin. Subsurface

correlations with geophysical logs indicate that the thickness and the lateral
extent of salt beds is different in each of the major centers of deposition,

! but the stratigraphic sequence is regionally persistent and therefore more

readily characterized and modeled.
In New York, subsurface correlations show that salt beds occur

almost entirely in the Syracuse Formation. The major salt-bearing unit is a

thick sequence of evaporites with thin beds of dolomite and anhydritic shale.
The evaporites are mainly salt with lesser amounts of dolomite and anhydrite.

.

In New York, salt beds in portions of the Syracuse Formation are most promis-
ing for repository siting because of their thickness (combined sections up to
900 ft thick) and widespread distribution.

Unconformities in the stratigraphic section account for the

absence of stratigraphic units in parts of New York. These unconformities
control the distribution of the Oriskany Sandstone, an important aquifer. The
hy&ogeologic importance of the unconformity surfaces and the effect of the
1 conformities on the stratigraphic section above the Salina is not cleaf.

The most extensive and thickest salt beds in Ohio occur in the
"F" unit of the Salina Group., A portion of the unit at the base has at least
two salt beds that are more than 20 f t thick. In Geauga and Cuyahoga Coun-
ties, this unit contains as much as 100 ft of salt. Strata overlying this -

'
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lower unit contain thick beds of halite separated by thinner beds of dolomite
and anhydrite. The remainder of the "F" unit is either not a major salt-bear- |

ing interval or only a local salt-bearing interval.
Salt beds in Ohio appear to be much more persistent internally

than those in New York. Some thickness anomalies do occur, which may be due

to local stratigraphic control or post-depositional processes. However, these

anomalies do not appear to reflect recent dissolution. No evidence has been

found of naturally occurring salt dissolution anywhere near the area that has
been considered in Ohio. In Ohio, unconformities of Early Devonian age occur
in rocks above the Salina Group. These may ha e a bearing on the hydrology
and distribution of aquifers above the salt.

In Michigan, salt beds occur in mary units of the Salina Group
and in the Detroit River Group of Devonian age. Regional information indi-
cates that sufficient thicknesses of high-quality salt occur at depths between
1,000 and 3,000 ft beneath large areas in the Lower Peninsula of Michigan.
The geologic structure in Michigan is subdued. Gentle folds and relatively

small displacement f aults appear to be related to basin subsidence, a very

slow geologic process.

During most of the past 225 million years, the Salina basin

region has been slowly denuded by stream erosion. Continued denudation could
produce between 12 and 50 f t of surface lowering ov9e a period of 250,000
years. The acceleration of stream erosion by orogenic deformation is con-
sidered unlikely because of the stable tectonic history of the region, the
distance of the region from active plate margins, and the time required for
tectonic events. Significant epeirogenic crustal uplif t is also considered

unlikely, but even at the most extreme rates of upwarping, maximum incisement
by rivers would probably be less than 500 ft.

The most profound impact on the land surface of the study
,

region was caused by glaciation during the last 3 million years. Glaciers
have tremendous erosional capacity and, unlike streams, are not restricted by
base levels. The maximum depth'of glacial erosion in the Salina basin locally
exceeds 1,200 ft. The depth of potential glacial scour in the future is con-
sidered a critical ;:orameter in site selection. In New York the Finger Lake
troughs, the most remarkable landforms of the study area, are deep valleys
formed by' glacial erosion in preexisting stream valleys. In the Seneca
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Valley, glacial scour. may ba nearly 1,800 ft. De:p glacial erosion is sus-

pected in the other Finger Lake valleys and in the valleys of the Cohocton,
Canisteo, and Tioughnioga Rivers.

Throughout the New York study area, the Salina Group rocks are
more than 1,000 f t deep. Geologic containments beneath the intervalley up-
lands are considered safe from erosional breachirjg. Available data indicate a
potential breaching of the Salina rocks by future glacial scour along _ the

Seneca Valley. Bedrock depths will have to be further investigated before
judgments can be made about the other major glaciated valleys of the study
area.

To the west in Ohio, relief is considerably more subdued than
in New York. The buried bedrock surface represents a mature terrain, only
slightly modified by glacial erosion. Glacial smoothing of the landscape was
accomplished by burial rathar than by planation.

The only valley in the Ohio area known to have had significant
glacial deep aing is the valley of the Cuyahoga River, where glacial scour may
have reached a octa of 1,100 ft.

Throughout the Ohio area, the top of the Salina Group is more
than 1,000 ft deep. Based on available data, it is considered probable that
future glacial scour would not breach the Salina salt beds anywhere in the
Ohio study area. However, further investigation is needed to verify this
assumption.

B.4.3 Hydrologic Factors--Salina Basin

' Hydrologic studies have shown that there are two systems of
ground water flow in the Salina basin: (1) near-surface fresh water aquifers !

and (2) a variable-density system of saline aquifers 500 to 1,000 f t deep.
Some information is available for the shallow fresh water zone, but the deep
and interaquifer ground water flow patterns are generally unknown. Detailed
data would be needed on both aquifer and fluid characteristics to determine

lthe direction and the velocity of the deeper ground water flow, which would

j provide a basis for evaluating the isolation potential.
In New York, the depth to saline ground water varies from over

1,000 ft below the Appalachian plateau to less than 500 ft in the Ontario
.
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lowlands. The water below these depths is highly mineralized. The Salina
group yields the poorest quality ground water.

In Ohio, principal bedrock aquifers are sandstones, shales, and
conglomerates of Mississippian and Pennsylvanian age. As in New York, sand I

and gravel outwash deposits in river valleys are the most important aquifers
I

and may yield over 1,000 gpm to a single well. The potable-water zone is

thin, and the depth to saline ground water is about 500 f t or less.

|In Michigan, principal bedrock aquifers are sandstones, ~ lime-
stones, and dolomites of Mississippian and Pennsylvanian age. The base of |

fresh water lies 200 to 400 f t below the surface, except in the northern por-
tion, where it ranges up to 900 f t. Fresh water in bedrock aquifers is

generally confined to areas where bedrock is overlain by permeable glacial
deposits. Salt springs, mineralized lake and river watersi and brecciated
zones indicate that, in some locations, the Salina salt is undergoing dissolu-
tion. Another indication is the absence of salt in zones where salt would be
expected to be present.

If the ground water circulating in contact with salt deposits
reveives little recharge or is the entrapped water of deposition, its qdality
will be that of a brine. The brine will be at or near saturation with salt,
and the rate of dissolution will approach zero. This situation exists in most
of the Salina basin because the salt is overlain by hundreds to thousands of
feet of more recent geologic deposits containing water that is highly saline.
The existence of such extensive salt deposits in the basin demonstrates that
access by fresh ground water has been, and is, extremely limited. However,
where salt crops out or is shallow and overlain by permeable materials, dis-
solution may be rapid.

Changes in the hydrologic regime that could be brought about by
environmental changes have been addressed in a preliminary way. Important

considerations would be glaciation, , permafrost, and other extreme climate
changes as well as mining and other man-induced stresses.- These possible
changes would have to be analyzed when the present-day conditions are more
fully defined.
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B.4.4 Tectonic Factors--Salina Basin

The Salina basin is in the Central Stable Region, an interior
platform that has been tectonically stable for more than 600 million years.
Tectonic events marginal to the Stable Region - have affected the platform's
rocks to some degree and have controlled the depositional patterns of the
Appalachian basin to a large extent. However, the geologic structures that
have developed in the Salina basin are limited to broad gentle flexures and
minor folds and faults, indicative of mild tectonism.

The Paleozoic platform sediments overlie Precambrian basement
rocks believed to be continuous with those exposed in the Canadian shield to
the north. These basement rocks evolved over a long period of time through a
series of orogenic, metamorphic, and igneous events. By late Precambrian,
time these rocks had become stable, and the Precambrian tectonic trends are

now inacti"e relict structures.
Tectonism during the Allegheny Orogeny affected the rocks of

the Appalachian basin. The faulting associated with A11eghenian movements
displaced Salina and overlyirig stratigraphic units northward and westward and
caused local thickness changes and structural complexities. The effects are
strongest in the New York part of the Appalachian basin and less so in the -
Ohio area. North-south faults in the New York part of the basin - are notable
because of their potential effect on repository siting. The Clarendon-Linden

fault zone, near Attica, New York, is considered to be a seismically active,
reactivated basement structure. Another fault, in the Seneca Lake area, shows
a right lateral offset of hundreds of feet, cuts- salt beds, and has surface
emanations of brine; howev,er, it is not associated with seismicity. Informa-

tion on its association with the basement structure is yet to be developed.
Although there are a variety of faults in the New York study

area, two types seem to be of major importance: (i) thrust faults within the
upper salt beds and overlying strata and (ii) strike-slip faults that separate

! large detachment blocks and terminate' downward at the thrust surface. The

Clarendon-Linden fault zone does not affect the study area directly, but it

projects to within a few miles of the study area. It is considered to be

seismically active and may control the seismic design ~of any repository _ within
the study area.

,
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Thrust faults in the study area occur in the upper salt beds

and cause overthickened salt strata. They are related to Alleghenian folds
and are possible sources of ground water seepage in the salt horizons.
Strike-slip faults are believed to occur in general northerly trends along the
west side of Seneca Lake south to Pennsylvania and from west of Ithaca south
into Pennsylvania. The extent and character of thrust faults and strike-slip
faults in the New York study area need to be verified. !

The Central Stable Region as a whole has been subject to gentle
uplift since Paleozoic time. No major tectonic structures of regional extent
are considered active or potentially active. Two areas within the Stable
Region, the Clarendon-Linden trend and the Anna, Ohio, area have anomalous
seismic activity associated with fault structure. Both of these zones appear
to be reactivated basement f aults with relatively small displacements.

Geologic structures in the Ohio study area are much less comon
than in the New York area. High-angle f aults are found but are not common.
No thrusts or strike-slip faults like those in New York are known. The faults
in Ohio appear to be relatively local and of small vertical displacement. No

faulting of regional extent is known. The faults may have some effect on the
salt beds if they persist to the depth of the Salina. These faults need to be
investigated to determine their configuration and origin.

In New York there are some indications from mine workings in
the Salina ' salt that local stress levels in the rock may be sufficient to
cause stability problems at the depths which would be required for repository
siting. Stress levels need to be determined and evaluated.

The seismicity of the Salina basin is low. Few earthquakes
have been recorded, and all were of low to moderate intensity. However, local
effects of seismic events associated with the Clarendon-Linden fault zone may
affect the western part of the expanded New York study area.

Very little is known about jointing in the study area. There

is no known igneous activity in the Ohio study area.

B.4.5 Resource Factors--Salina Basin

For preliminary evaluations, salt under large' surface water+

bodies such as the Great Lakes and the Finger Lakes in New York have been

4
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removed from further ccnsideration. Water resources have been identified. for
|the purpose - of gathering, information but are not considered relevant to the

preliminary. screening of the region since . they consisted of local water
! supplies. -Water-resource conflicts would become more important in the evalua-

tion of specific locations. 1

j In regard to mineral resources, the regional study identified a-

[ number of resources that may conflict with repository siting. Information on

the_ historic and current exploitation of mineral resources within and near the
salt basins provides a basis for avoiding conflicting usage by assessing .the

.

; location and extent of artificial breaching.of the salt beds.
'

New York has abundant surface and near-surface mineral resourc-

i es. The exploitation of these shallow resources has no apparent effect on the

! salt strata in the study area. Salt mining, brining operations, and the ac-
tivities of the petroleum industry, however, have affected the salt beds.

i The New York area contains many historic and present salt
mining and brining operations. Important un'derground salt mines are located'

in Livingston and Tompkins Counties. Major artificial brine fields have been '

| located in Wyoming, Onondaga, and Schuyler Counties. Other salt-producing

operations were concentrated in Genesee, Wyoming, Livingston, and Ontarso
i Counties; counties along the southern edge of the study area have had very few

or no salt operations. ,

I Relatively few petroleum wells in New York have penetrated the
.

Salina salt beds. Most oil wells have been drilled. only to Upper Devonian
strata, from which all oil production in New York has been obtained. Much of>

the natural gas produced in the State has come from the Devonian Oriskany 'and
Onondaga Formations, which lie above the salt beds. Gas production from for-

mations deeper than the salt has been confined mostly to far , western New York
and to a band extending from Genesee and Wyoming . Counties through Onondaga

County. These areas have the highest density of wells penetrating Silurian
strata. The part of the study area with the fewest' ells penetrating , Silurian-
strata extends from Allegany County through Broome County, south of the Finger

i Lakes. All production there has been obtained from formations lying above the

| Silurian salt.
. Eastern Ohio contains abundant mineral resources. Most of the

surface and near-surface mineral deposits are mined by .open-pit methods.
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Approximately 300 coal mines in the study area produce from the Pennsylvanian
system. About 30% of these are underground mines, and none-are more than 400

to 500 f t deep. It is unlikely that the open-pit and shallow-mining opera-
tions have affected the Salina salt beds. The only deep mine in eastern Ohio

(except for two salt mines) is in Barberton, Summit County. This mine is
2,300 f t deep and extracts limestones from the Middle Devonian Delaware and
Columbus Formations well above the Salina salts. The possible effects of this
mining operation on the Salina salt beds in the area have not been evaluated.

Two deep eastern Ohio salt mines, one in Lake County and one in
Cuyahoga County, extract salt from beds at depths of 1,760 and 1,920 f t, re-
spectively. Four artificial brine operations, two in Sunnit County and one ,

each in Lake and Wayne Counties, extract salt from various units of the I

Salina. Three brine operations in Cuyahoga County and one in Medina County
have been conducted in the past, with wells ranging from 1,950 to 2,707 ft in |
depth. The effect of these artificial brine operations on the Salina salt |

beds needs evaluation. In the 19th century, there were four natural brine
operations in the study area, one each in Columbiana, Tuscaraws, Morgan, and
Guernsey Counties; well depths ranged from 450 to 900 ft.

The oil and gas industry has had a direct effect on the Salina
salt beds in Ohio. The Clinton sand of Silurian age underlies the Salina
Group and is the major oil and gas producer in the study area. It is esti-

mated that about 51,000 wells penetrate the Devonian Oriskany and the Silurian
Newburg (Salina) and Clinton pay zones in eastern and central Ohio. Most of

these wells reach the Clinton. An even greater number of wells have been
drilled into Pennsylvaniaa and Mississippian pay zones, but they are not
likely to have affected the underlying Salina salt.

The mineral resources in the Lower Peninsula of Michigan con-
sist of glacial deposits, several varieties of rock, natural brines, bedded
salt, oil, and gas. The glacial deposits, limestone, dolostone, sandstone,
and most of the gypsum, are mined by surface methods. Two shallow underground
mines exploit gypsum at Grand Rapids, and coal was extracted from underground
mines and by surface methods in the Saginaw Bay area until 1952. All of these
mining operations are too shallow and too high in the stratigraphic column to
have affected the bedded-salt deposits.
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However, one large ' salt mine beneath Detroit works the Salina
salt at a depth of 1,130 ft. The Silurian salt beds are solution-mined in St.
Clair and Wayne Counties in southeastern Michigan and in Munistee and Maron
Counties in western Michigan. Both Salina and Detroit River salt beds are
solution-mined in Midland County. The salt beds in areas of. solution mining
are affected by openings created by the wells, by t.avities developed by the
extraction of salt, and possibly by subsidence above the cavities. Natural

brines in the Detroit River Group are pumped to the surface in Lapeer,

f Gratiot, Midland, Mainetee, and Mason Counties. Brines in Mississippian and
Devonian strata are also presently exploited in several of these counties and'

formerly in several other counties as well. Most current natural brine and
solution-mining operations are in areas of historic production.

There are about-700 oil and gas fields in the Michigan basin.
Producing formations range from Ordovician to Mississippian in age. The

fields in the middle of the basin produce from Mississippian and Devonian
strata. Fields in Silurian beds are situated around the northern and southern
margins of the basin, and fields in Ordovician strata are in southern and
southeastern Michigan. More than 30,000 wells of all types have been drilled
by the petroleum industry. Salt beds in areas of production will be affected
by wells that penetrate them, and many old wells may be difficult to locate.
Most of the oil and gas production in Michigan is obtained from Silurian reefs
that lie beneath the salt beds. Future exploration is likely to be intense

along the Silurian reef trend that extends from Mason County to Presque Isle
County in the northern part of the basin and in ^ an area extending from St.
Clair County to Allegan County in the southern part of the state. The

northern and southern parts of the Michigan study area include large areas
where historic and current oil and gas fields present no obstacle to the

siting of a repository.
In the preliminary screening of New York and Ohio, it was

assumed that surface or near-surface mineral deposits like sand, gravel, peat,
limestone, and sandstone were sufficiently widespread not to have a major
bearing on the ~ definition of areas- for further investigation. The location;

of deep mines, however, were taken into account because of the resources they
contain and because of'their direct effect on the salt deposits. Oil and gas
fields active now or in the past were also considered to constitute a signi-
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|

i

ficant resource conflict. Some . oil and gas fields have also had a direct
effect on the. salt deposi % because of penetration by wells.

,

In the initial screening, ar%s within 6 miles of past or pres-
'ent salt mines or ' brine fields were deemed inappropriate for repositories.

,

Areas within 3 miles of known gas fields were also screened out. . Individual
j' oil or gas wells not located within a producing field were not screened out

but must be evaluated further-as the siting investigations focus on potential
repository locations.'

,

Although ' considerable mineral and petroleum resources are pres-
ent in various regions throughout the basin, there remain many areas that
could satisfy the siting criteria concerning minimal resource conflict. !

B.5 Basalt Waste Isolation Project

B.5.1 Summary

i
The Basalt Waste Isolation Project (BWIP) is evaluating the

,

| Department's Hanford Site in the State of Washington to determine whether it
' contains a suitable location for a repository in basalt. The Hanford Site,

576 square miles in area, is in the center of the Pasco basin (Figure B-13).
Geologic and hydrologic investigations have been under way since 1977 and
represent a continuation of. an effo.t conducted between 1968 and 1972. Most

,

of the results of these investigations have been published (41, 42).
Current data and understanding indicate that basalt is a suit-

able medium for the disposal of radioactive waste. Investigations of the

Hanford Site to date indicate that it has suitable geologic and structurali

characteristics. The location and the movement of water in the unconfined and>

'

upper basalt confined aquifers are well understood. Questions about the loca-
tion and movement 'of the water in the interbeds and interflows of Wanapum andi

Grande Ronde Basalts are being addressed and shoul'd be resolved in the' next 2
i

i to 3 years. The tectonic conditions of the area.have been investigated, and
*

it appears that -the area is sufficiently stable for siting a repository.

Current information and . understanding indicate no conflicts with natural

j resources.

:
2
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Figure B-13. Location of the Hanford Site in
I

the Pasco Basin.

Source: (Reference 43) R.C. Edward, Geophysical Surveys in the Pasco Basin,
RH0-BWI-79-100, Rockwell Hanford Operations, Richland, WA, 1979
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i
B.S.2 Geologic Factors--Hanford Site'

Yakima folds are the major geolog'ic structures that' have de- ,
,

for:ned the Columbia River basalt flows in the Pasco Basin since their emplace-

. ment and cooling (41). Individual Yakima folds trend east in the northwest-
~

'

ern part of the' basin and ' southeast in the southeastern part of the basin.
Structural relief along .the folds decreases to the~ east, but varies-locally.
The folds are locally f aulted in some cases. Seismic reflection and aeromag-

netic _ surveys are being used to trace small structures on the buried limbs of
the fold and possible northwest-trending structures .that cross-cut the folds-

i (43). ,

Basalt stratigraphic relationships -(thickness, sequence, and
lateral extent) have been determined through the use of basinwide correlations

i combined with surface mapping and deep core drilling. Figure B-14 shows the |

stratigraphy of the Pasco Basin. Basalt unit identifications were made from !

chemical composition, paleomagnetism, and borehole geophysical logs. The ,

i Columbia River basalt in the Pasco Basin contains at least two, and possibly
I' more, thick flows that are interpreted as being laterally continuous through-

out the basin. These flows are tilted from the horizontal by -less than 5~

) degrees across areas larger than 10 square miles beneath portion's of the Han-

| fordSite(41).
The candidate - host rocks are mostly aphyric, with intersertal-

to intergranural textures. The chief constituents are plagioclase, .clinopyr-
.

.

oxene (augite, subcalcic augite, and pigeonite), and glass (the glass content'

' varies internally within the flows). Details of - the. chemical and mineral.
'

composition have been documented (44, 45).
,

! For a . repository in basalt at 3,000 f t below the. ground, the
'

estimated maximum.in situ stress (except for local concentrations) would be on
3

f the order of 4. 0 x 10 psi. The average uniaxial ocompressive strength of
4the intact rock is 2.9 x 10 psi (45). The rock-mass properties of basalt

! --particularly :the strength and, to a lesser | degree, the thermal properties--
are affected by ' jointing. Fracture frequencies ~ range from 6 to 10 fractures

,

; per meter, with-rock-quality designations of.70% to 95% for the dense,. central
portions 'of deep ' basalt- flows. - The basalt flow that is considered to have the
most ' desirable features for a. repository = is the 'Untanum. flow. It Javerages

t

a

4
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Figure B-14. Stratigraphic Relationships of the
'

Columbia River Basalts-in the Pasco Basin

Source: (Reference 41) C.W. Myers et al ., Geologic - Studies - of the Columbi~a
Plateau: A Status Report, RHO-BWI-ST-4, Rockwell Hanford Operations,
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about 200 ft id total thickness across the central basin and has a dense in- 1

terior that ranges from 150 to 175 ft in thickness.
A geothermal gradient of about 2.2 F per 100 ft of depth is

estimated, based on a mean surface temperature of 53 F and a temperature of
0120 F at a depth of 3,000 ft (46).

B.S.3 Hydrologic Factors--Hanford Site

The hydrologic evaluation of the Hanford Site is based on mea-
surements made in 5 deep boreholes,19 intermediate boreholes, and 300 shallow

wells. In the Pasco Basin, the Columbia River Basalt Group is composed of
three major basalt units, the Saddle Mountains Basalt Flows, the Wanapum
Basalt Flows, and the Grande Ronde Basalt Flows (47). The basalt flows are
covered with approximately 250 f t of alluvium, and the water table is approx-

'

imately 150 ft below the surface (42, 48). Confined aquifers exist in the
more permeable interflows and interbeds of these basalts. The major water-

producing formations in the uppermost Sadd1e' Mountain Basalts are the Mabton
(sandstor.e and tuff aceous sandstone), Cold Creek (sandstone, locally tuffa-
ceous and conglomerate), Selah (sandstone and tuffaceous), and Rattlesnaie
Ridge (sandstone and tuffaceous) interbeds. The relative positions of these

interbeds in the basalt flows can be seen in Figure B-14. Within the
intermediate-level Wamapum Basalts, the Vantage Sandstone is the only forma-

,

tien that produces significant quantities of water. In the deep Grande Ronde )
Basalts, only one basalt flow has been identified as producing significant q

quantities of water. This formation is several hur< dred feet below the Untanum |
flow but has not been named at this 1.ime. |

The Saddle Mountains Bashlt aquifers are recharged by the di-
rect infiltration of precipitation and stream runoff in the Rattlesnake Hills,
Yakima Ridge, and the Saddle Mountains (49). There is also evidence that |

recharge occurs where the unconfined aquifer and the Rattlesnake Ridge con-
fined aquifer system of the Saddle Mountains Basalt (the uppermost confined
aquifer) are in hydraulic communication beneath portions of the Hanford Site

(50).
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The principal recharge to the .Wanapum and Grande Ronde Basalts
in the eastern Pasco basin is from ground water inflow from the Palouse/ Snake
and Big Bend basins shown in Figure B-13. The Saddle Mountains Basalt forms
the upper basalt formation in the eastern Pasco basin area and receives from
the Columbia basin irrigation project most of the irrigation recharge that is

,

| not removed as agricultural return flow or unconfined aquifer recharge.

i The major discharge area for the ground water of the Saddle
Mountains Basalt is considered to be the Columbia River between Richland and
Wallula Gap in the Horse'~ Heaven Hills (see Figure B-13). This is more than 20
miles south of any candidate site now being considered for a repository

the Saddle M' untains Basalt is in directbeneath the Hanford Site. Here, o

contact with the Columbia River, which has a surface water elevation of 340 ft
above the mean sea level. Wanapum and Grande Ronde Basalts are known to crop
out in the Snake River Gorge upstream from Ice Harbor Dam and the Yakima River
Gorge north of Yakima, Washington, and in the Columbia River Gorge north of
the Hanford Site. They also crop out along the fringes of the Columbia
Plateau. The Snake River is a potential discharge area for the Wanapum and
Grande Ronde Basalts east and southeast of the Pasco basin. Ground water

discharge from these basalts is also to the Columbia River, probably in Lake
Wallula or farther south in the Columbia River Gorge west of Lake Wallula,
where the Wanapum and Grande Ronde basalts are in hydraulic communication with

the river.

The hydraulic head gradient within the Mabton interbed of the
Saddle Moutain Basalt is approximately 5 ft/ mile. Ground water flows general-
ly in the east-southeast direction within this formation beneath the Hanford

Site; this trend is also supported by hydrochemical and isotopic data.
The hydraulic conductivity of the principal sedimentary inter-

beds (Rattlesnake Ridge, Selah, Cold Creek, and Mabton) within the Saddle
2 and ' 10-1 ft/ day. Interflows of vesicular,Mountains Basalt is between 10

brecciated basalt have hydraulic conductivities of 10 to 10-5 ft/ day.4

Conductivities for the sections of columnar basalt (colonnade and entablature
portions) are between 10-3 and 10-8 ft/ day (42). The dense sections of
the thick basalts such as the Untanum units within the Grande Ronde Basalt
Flow have a hydraulic conductivity of about 10-8 ft/ day. Formations with

0hydraulic conductivity from 10 to 10 ft/ day are considered to be good or
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productive aquifers. Conductivities that range from 1 to 10-4 f t/ day indi-
cate that an aquifer will be poor or nonproductive. Rocks with a conductivity
below 10-4 f t/ day, while they do permit flow, are generally considered to be
impervious.

Storage coefficients for the interbeds and the interflows are
between 10-3 and 10-5 These storage coefficients indicate that the in-.

terbeds and interflows are confined aquifers. If they were unconfined, the
storage coefficient would be closer to 0.01 to 0.03.

The major inorganic constituents (see Table B-2) in ground
water for the Columbia River Basalt Group in the Pasco Basin indicate that
ground water within the Saddle Mountains and upper Wanapum Basalts is hydro-
chemically similar and is of a sodium bicarbonate chemical type. Ground water"

samples available from the Grande Ronde Basalt are of a sodium chloride, bi-
carbonate chemical type and thus are chemically distinct from the water in the
other two basalt formations. In addition, comparisons of the average chemical
compositions of the water show that the Grande Ronde Basalt has higher dis-

|- solved-solids concentrations (particularly chloride, sulfate, fluoride, sodi-
um, and silica) than ground water in the Saddle Mountain or Wanapum Basalts.
This is interpreted as strong evidence that the Saddle Mountain and Wanapum
Basalts are not hydrologically interconnected with the Ground Ronde Basalts.

The age of the ground water is being investigated by carbon-14-
age dating techniques. Water samples have been obtained from the Mabton in-

terbed at eight different locations. The results indicate that the water is
12,000 to 24,000 years old (42). The youngest ground waters occur near re-
charge areas of the Rattlesnake Hills to Untanum Ridge. They become increas-

ingly older with increasing distance from the recharge area, in the east and
southeast direction. These data are consistent with the current concept of

ground water flow developed from hydraulic head and hydrochemical data. Field

testing is currently under way to date ground water in the interbeds and in-
terflows of the deeper Wanapum and Grande.Ronde Basalts.

B.5.4 Tectonic Fact:rs--Hanford Site

Intrusive plutonic igneous rocks have not been detected within
about 75 miles of the central Hanford Site (41). Intrusive basalt dikes are
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Table B-2. Ground Watcr Ch::mistry of Basalt

Average Composition and Range in Concentration of
Major Chemical Constituents Within Ground Water for

Formation of Columbia River Basalt Group'

(concentrations in mg/1)
.

Lower Saddle Upper Wanapum Grande Ronde
Basalt BasaltConstituent Mountains Basalt -

ANIONS

HCO3 217 177 75

(169-267) (~41-216) (66-88)

C03 0 0 50
(101-127)

01- 20 6.6 131

(4.3-63) (3.8-15) (98-148)

SO4 4.0 11 72

(.3-18) (.2-32) (13-108)

NO3 .5 .5 N.D.a
( .5) (.1-2.7)

F- 2.2 .7 29
(.1-8.0) (.2-2.0) (22-37)

CATIONS

Na+ 83 34 225
( 36-122) (17-80) (182-250)

K+ 11 11 2.5
(7.7-14) (5.9-19) (1.9-3.3)4

Ca++ 4.7 17 1.1 l

(.5-22) (1.6-24) (.8-1.3)

Mg++ 1.8 S.8 .7 -l

|
(1.-12) (.2-15) (.0-2.0) i

SiO2 69 57 117 I

(56-91) (41-73) (115-121)
ITotal dissolved -

'

( solids (sum) 413 324 705
|- (344-505) (283-435) (584-826)

aN.D. = not-detected. .

Source: (Reference 130)- R.E. Gephart et al., Hydrologic - Studies Within the
Columbia Plateau, Washington - An Integration of Current Knowledge,
RHO-BWI-ST-5, Rockwell Hanford Operations, Richland, WA, October 1979
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present about 35 miles east of the central Hanford Site, and the possibility
cannot be dismissed that hsalt dikes buried by subsequent basalt flows are in
the central basin. This is under study. The most recent volcanic flow activ-
ity in the vi,cinity of the Hanford Site was approximately 5 million years age.
The closest ' approach of any portion of this flow to the central Hanford Site
was approximately 15 miles to the southeast of the boundary of the site.

Geologic evidence from the regional and Pasco basin studies
suggests that some tectonic deformation began as early as 14 to 15 million
years ago. This deformation was localized along Yakima Fold trends and north-
west-trending structures. The rate of tectonic defcemation (i.e., the produc-
tion of structural relief) increased locally along these same trends, but it
was generally subdued 13.6 to 14.5 million years ago and was highest in the
Pasco basin between 10.5 and 5 million years ago.

The occurrence of earthquakes in the Columbia Plateau indicates

that the area continues to ,the experience relief of stresses, presumably tec-
tonic. Focal mechanism solutions suggest that the maximum principal stress is
nearly horizontal and oriented approximately north to south. Ten years of
earthquake monitoring by a seismic network surrounding the Hanford Site indi-
cates that earthquake activity in the area of the Pasco Basin appears to con-
sist of (i) shallow, low-magnitude events in small volumes of basalt and (ii)
deeper events below basalt that are of low magnitude and generally diffuse
(51). Typical swarms contain events ranging in Richter magnitude from 0 to
4.0, bu'. the magnitude of most of the events is less than 2.0.

The tectonic stability of the Pasco basin has been investigat-
ed, and the rate and nature of deformation along existing structures within
the basalt have been studied. Five surveys of a trilateration array between
1972 and 1979 revealed no statistically significant deformation.

8.5.5 Resource Factors--Hanford Site

Columbia River basalts are notable for their relative lack of
valuable mineral resources. No valuable mineral or hydrocarbon resources are

known to have been produced in appreciable amounts from the Pasco Basin, with
the exception of small quantities of natural gas produced in the 1920's and
early 1930's fro,n wells penetrating interbed sediments between Columbia River
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4

basa'lt flows,,approximately 15 miles south of the central Hanford Site. Leas-
i. ing by petroleum _ companies in eastern . Washington adjacent to the west' and
j northwest boundaries of the Hanford -Site indicates -interest in further inves-
'

tigating the potential for hydrocarbon resources in sedimentary rocks beneath
'

| the basalt in the Pasco Basin, at depths of or balow 10,000 ft. i

Ground water resources in the vicinity of the site are- being
' '

L evaluated. Current information suggests that these ground water resources or

; their potential for future development would not affect the integrity of the 1

'

repository, especiall) since more readily available surface and ground w'aters
are available elsewhere in the area.

.

i

! Limited data' suggest that heat flow in -the Pasco basin ranges
,

from 1 to 1.5 heat-flow units compared with a crustal average of about 1.0 to *4
,

!
'

1.5 units. The geochemistry and temperature of artesian spring water immedi- )

! ately to the west of the Hanford Site and geologic studies suggest that the
! geothermal resource potential of the proposed repository area is extremely low. 1

;

f B.6 Nevada Nuclear Waste Storage Investigations

j- B.6.1 Summary

!
The Nevada Nuclear Waste Storage Investigations (NNWSI) are

i evaluating the suitability of the Department's Nevada Test Site (NTS) in Nye
.

County, Nevada (Figure - B-15). Because waste isolation activities must not |
interfere with the prime mission--nuclear weapons testing--NTS exploration for
a suitable repositcay site on the NTS is currently limited to the southwest
portion (Figdre B-16). The area compatible with weapons testing consists of
approximately 300 square miles of desert basins and mountain ranges.-

Early in the project, locations outside the southwest quadrant
were considered. One such location, the Syncline Ridge,- was. eliminated from

L further consideration because of its structural complexity (52). . In addition
~

to exploration for repository sites, field tests are being performed at. the
,

Climax Stock and G-Tunnel -to evaluate the suitability of granite and welded
tuff, .respectively, as Khost . media. A summary of the investigations conducted

.

to date-is available in a recent report (53).
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Current data and understanding indicate that tSe Nevada Test
Site and tuffaceous rocks have potential for isolating radioactive waste in a
mined geologic repository. The identification of a site with suitable geolog-
ic and hydrologic characteristics is the primary focus of exploration. The

likelihood and the consequences of potential tectonic events are being ana-
lyzed to determine whether the tectonic setting would preclude waste disposal
at the site. Preliminary data'suggest that the risks from tectonic phenomena
are acceptable. Metallic and energy-resource conflicts are minimali both
water and land-use resources need careful evaluation.

B.6.2 Geologic Factors--Nevada Test Site

The geology of the Nevada Test Site is complex, a characteristic
shared by all of the Basin and Range Province in which the NTS is located.

__

The geologic strata present at the NTS consist of more than 30,000 ft of
miogeosynclinal pre-Cambrian and Paleozoic quartzites, shales, and carbonates
(54 ) . This sequence of sedimentary rocks was folded, thrust faulted, and
intruded by granites during compressional mountain-building episodes in Meso-1

zoic time. During the mid-Cenozoic, a few thousand feet of silicic and minor
basaltic volcanic deposits were deposited on the eroded remnants of the Meso-

zoic Mountains and subsequently displaced by normal faults (54, 55). The
closed basins associated with the normal faulting have accumulated alluvium
deposits that exceed 2,000 f t in thickness in the deepest parts of the basins
(56). The Tertiary alluvial basin deposits are interbedded with minor basalt
flows, dikes, and sills. Figure B-16 shows the general stratigraphic and
structural conditions of the NTS region.

Of the rock types that occur at the Nevada Test Site, argil-
ilte, granite, alluvium, and tuff have been considered for suitability as host
rocks. Alluvium was deferred from consideration as a candidate host for high- '

level waste because its thermal conductivity (assumed for the study to range I

from 0.2 to 1.2 W/m-K) would allow unacceptable near-canister temperatures for
10-year-old high-heat-generating wastes (56). Geophysical data collected
during 1978 and 1979 indicated the presence of structural discontinuities
passing through the Calico Hills (argillite-granite) and Wahmonie (granite)
study areas. Magnetic and gravity data suggested a possible granitic intru-

.
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sion at shallow depth below the argillites at Calico Hills, but a 2,550-ft

, drill hole failed to penetrate the inferred granitic mass (57). Therefore,

current exploration efforts in the southwestern part of the Nevada Test Site
o

are directed to locations containing the remaining candidate host rock,

[ volcanic tuff. At present, only- one location, Yucca Mountair (Figure B-15),
j is being explored. * .

| Yucca Mountain is underlain by approximately 2,000 m of inter-
bedded welded to nonwelded tuffs. The thermal, mechanical, and chemical prop-
erties of welded tuff are generally considered favorable for a geologic repos- ;

itory (58). The thermal conductivity of saturated welded tuff is about 2.5
W/m-K, and its mechanical strength approaches that of granite (59). However,

welded tuff may contain up to 10% water by weight. If'this water is removed
from the rock, thermal conductivity decreases to approximately 1.7 W/m-Kr The
effects of this water on the thermomechanical response of tuff have - to be

,

assessed and are being investigated by an at-depth heating test at G-tunnel
(60) and by laboratory studies and computer modeling. The sorption capacity
of tuff is generally very high and quite variable. Depending on the
mineralogy, sorption values for various types of tuff range from 55 to 13,000
ml/g for strontium and from 50 to 6,000 ml/g for cesium.

An ideal geologic setting for a repository'in tuff is a ther-

mally conductive, mechanically strong, welded tuff enveloped by a low-permea-
bility, highly sorptive, nonwelded zeolitized tuff (Figure B-17). Field
mapping, core drilling, and geophysical surveying are in progress to assess
the extent to which these conditions exist at Yucca Mountain. A 6,000-ft core
and hydrologic test hole is being drilled into the study area; the results
will be correlated with data from a 2,500-ft hole drilled earlier (61). The,

water-bearing properties of inferred fracture zones in the Yucca Mountain area
will be evaluated by hydrolog;ic testing and geophysical surveys.

B.6.3 Hydrologic Factors--Nevada Test Site

The Nevada Test Site lies in a portion of the Great Basin char-
acterized by large closed ground water and surface water basins. Gro'und water

flows southwest and discharges at Ash ~ Meadows, Nevada, .and Death Valley,
California (Figure B-15), about 40 and .60 km from the current study area,

B - 68



- . .

l
.

*

2 100 Km ;

i
c REGIONAL GROUND-WATER FLOW

GROUND-WATER DISCHARGE POINTS
WELDED TUFF SWL

ZEOLITl7ED TUFF .

4

AQUITARD fi8 . .A [- M.
' *

y
..

TOPOGRAPHICALLY
g [. - Y-****

CLOSED BASIN 4 .. ..........

ke1 *'?I$$($h:e: .*;;,.ff, - $0'N?5.S?\ . . :n. -~ --- * *' 3-3-;g._;.____ w, gy iA ,. y . ,-f:,~;.',~, . . ./f2fL
~ ~~.-Q :-: :: -::. . .-: = = :>. . -3 gr,,..._*

AOulTARD :=n - ,

va_
'

,,g, ' fg';5 ff3,f.,:... . .. . .. :
..

- ,

73 -3 -fi::: '. ' 4: . . : 7. : :# t rw
: : 5P:~ - , :: ~' ', ::,~.:, .. - ...:::.'{.. ' :.~. : .' . .

:i lile: .
M-E e .. S!:' :-? "

' '

.

', ~. 3|O T . ~ '
~ -v: ?:- s:. - ._W?. -

- AOUlFER -
..

.. .. .....i'.,''c,
c, ,, ,, ',''. : :...:,{c,'., ,, '

J.' GRhNtYE;:: **., ,
_

.- .:,-
W :=- E = g Q:::t-, -

'

9=t; =&.hgE- 5:~AQUlTARD , ', 'T | , M . . .- :. ~. 9
' ...= = -

,| *}||','.'}|*:| * ~| * '|{, |:,'|.' '|{:| 'I;"{::.,-J'.,:; ';.
' .'.:~--

=1= ,... .
e

~ , ' ' -
_

. :;,',
".1 |- .

. ~ . GR_AN IT E *.,' = . , ,.* ~ * ' *WS_A$ WDU J g ''|" |,m
C - GROUNDWATER FLOW 6 POSSISLE REPOSITORY SS1E"" **"" SWL -STATIC WATER LEVEL

e

t

I

1

Figure B-17'. Idealized Settings for a Repository in Tuff

.
O

l.

|

C
-



__

,respectively (62). The water table is between'400 and 600 m deep in the study*

area (61, 62). The land surface slopes southward and intersects the potentio-
metric surface at Ash Meadows. Producing water wells at Lathrop Wells and the
Amargosa Farms are downgradient from Yucca Mountain. |

Few reliable estimates of ground water flow velocity are avail-
able for the NTS region. Estimates based on radiocarbon ages of water from j
wells at the NTS and fr:m wells in the Amargosa Farms area, approximately
32 km downgradient, indicate an average velocity of about 9 m/yr between these )

'

wells (53). This rate is probably higher than average ground water veloci-
ties in the NTS because much of the flow to the wells is through local zones
of fractured tuffaceous rocks and alluvium whose average hydraulic conductiv-
ity is higher than for other areas at the site with the exception of some

areas of carbonates. Local flow rates in the carbonate rocks could be much
higher (62). Additional data are naeded before ground water velocities at the

*Nevada Test Site can be adequately characterized. Before the NNWSI project,
the potential for off-site migration of radionuclides from weapons-testing
activities had been evaluated (63). The sorption capacities of tuffaceous
rocks and alluvium along flow paths from the study area are very high in
comparison with most rock types (58).

A two-dimensional, finite-difference model of the regional flow
system encompassing the Nevada Test Site is currently being tested by sensi-
tivity analyses to determine the relative importance of the model's hydrologic
parameters to velocity and residence-time calculations (64). The hydrologic
model will be modified to include sorption mech'anisms and capacities as well
as radioactive decay chains for the radionuclides of interest.

Mapping of ancient spring deposits and analysis of clay miner-
als in alluvium indicate that ground water levels at discharge areas during
pluvial episodes were never more than 200 ft higher than at present (65).

4

B.6.4 Tectonic Factors--Nevada Test Site
.

'

The Nevada Test Site is in an area of the Great Basin that has
relatively low seismic activity for the Basin and Range Province (seismic risk
zone' 2) (66-68) and a low potential for volcanic eruptions (69, 70). Based on

j- the historic seismic record within 400 km,of the NTS, it is estimated that. an

,

e e
,
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acceleration of 0.79 has a return period of 15,000 years, and 0.5g has a
return period of about 2,500 years (67). A net of about 45 seismometers has
been deployed in a radius of approximately 150 km about the NTS to provide
data for refining these estimates. In addition, fault scarps that offset

alluvial deposits are being mapped and analyzed to study the history of
Pleistocene and Holocene faulting and its relation to current and expected
seismic activity.

Methods for estimating the recurrence potential of basaltic
2 area of 10-8volcanism yield preliminary annual probabilities for a 10 km

to 10-9 per square kilometer (70)., The calculations assume that volcanism
is a temporally and spatially random process within the NTS region. This

assumption is conservative. Current work, including field and geophysical
studies, are concerned with identifying structural features that affect the
distribution of past volcanic activity. These structural controls will be
factored into refined volcanic probability estimates. The youngest silicic
volcanism in the vicinity of the Nevada Test Site is about 6 to 8 million
years old, and it is unlikely that silicic volcanism would pose a hazard to a
repository sited in the NTS region (71-74).

The relationship between Quaternary strata of the basin fill
deposits and erosional and depositional surfaces indicates that only very '
slight regional and local uplif t and subsidence have occurred during the past-
few million years (72-74). Therefore, it is assumed that the current regime
of tectonic stability is very likely to persist over the next tens of thou-
sands of years in the NTS area. The likelihood for isolated individual tec-
tonic events is being evaluated. An assessment of the potential consequences
of tectonic events is also under way.

B.6.5 Resource Factors--Nevada Test Site

Limited mining for gold, silver, mercury, and tungsten was con-
ducted in the area of the Nevada Test Site long before the land was withdrawn
for nuclear weapons testing. The mineral deposits are generally associated
with intrusive granitic masses. All potential repository locations' on or near -

the NTS will be evaluated for mineral resources. ,
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No hydrocarbon deposits of reasonably foreseeable commercial
grades occur at the Nevada Test Site.- However, because the NTS is in a

desert, water resources are scarce and must be considered.
Geothermal resources are not considered attractive at the

Nevada Test Site. A general heat flow of about 1.5 to 2.0. heat flow units
exists in the region.

B.7 Expanded National Waste Terminal Storage Program

The Department's site exploration program is being expanded to
consider a wider variety of rock types in diverse geologic environments.

These broadened activities were originally recommended by the Interagency
Review Group and were included in the President's statement of 12 February
1980.

Three approaches to site exploration and characterization are
currently available for use to implement the expanded program at the national
screening phase. The approaches are (i) geologic--host rock; (ii) current
land use; and (iii) geohydrologic environment. The 3 site exploration and

characterization approaches are described in Section III.C.1.
The geologic, or host-rock, approach has been applied in

separate literature surveys, of granitic intrusive rocks in the conterminous
United States and in the southern Piedmont to determine their distribution and
potential suitability as repository host rocks (75, 76). The factors evalu-
ated included physical, chemical, hydrologic, tectonic, seismic, and mineral-
ogic properties. The information collected in these studies indicates that
numerous granitic bodies are suitable for further evaluation.

Three evaluations have been completed in the following sub-
regions of the southeastern United States:

1. The Piedmont Province, consisting of pre-Cambrian
and Paleozoic metamorphic and igneous rocks (76).

2. Triassic basins, long narrow troughs in the Pied-
mont of Triassic sedimentary and extrusive rocks.

3. The Coastal Plain, a wedge of unconsolidated and
semiconsolidated sands, clays, and limestones

'

overlying rocks of the Piedmont type (67).

|

B - 72

. - _ _ _ _ _ _ _ _ _ _ _



_

A literature study of argillaceous rocks in the United States
is currently under way. Laterally persistent argillaceous rock units at least
75 m thick and 300 to 1000 m deep are being evaluated. Characteristics being
considered include physical properties, mineral composition, geochemistry,
geologic structure, seismic potential and tectonic history, development of
mineral resources, regional ground water hydrology, and the extent of drilling
and mining. This study is expected to be completed in the third quarter of
fiscal year 1980.

Three broad classes of argillaceous rocks are being evaluated
by laboratory testing:

1. Argillaceous rocks with no carbonaceous material
and with little or no hydrous expandable clay.

2. Argillaceous rocks with carbonaceous material.

3. Argillaceous rocks with smectite as a major clay
mineral constituent.

Each class will be sampled and evaluated to determine the major

mineralogic constituents. Samples will be obtained by drilling. Each sample

will be characterized by (i) complete cheroical and mineralogical analyses;
(ii) response or reaction to large deses of gamma radiation; (iii) measurement
of the thermal properties; (iv) measurement of absorptive properties; (v)
measurement of the mechanical properties; and (vi) determination of the
products of the interaction between the samples and simulated radioactive
waste. This project will contique through fiscal year 1981.

Screening based upon consideration of geohydrologic environ-
ments is being initiated to evaluate simultaneously the literature regarding
ge0 hydrologic and environmental requirements. This study will entail a

nationwide literature search and result in a computerized data base suitable
for use in parametric analyses. Concurrently, the U.S. Geological Survey is
planning evaluations of various geohydrologic provinces of the United States.

.
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APPENDIX C
GLOSSARY OF KEY TERMS AND ACRONYMS

absorption: .

see sorption. b
l

accessible environment: i

those portions of the environment directly in . contact with or readily
available for use by human beings. Includes the Earth's atmosphere, the '

land surface, surface waters, and the oceans. Also includes aquifers which .

have been designated as underground sources of drinking water (under 40 CFR l

146) and are more than 1 mile from the original emplacement of the radio- 1

active wastes. '

actinides:
1 any radioactive element with an-atomic number above 88.
4
' activation:

the process of making a material radioactive by bombardment with neutrons,
i protons, or other nuclear particles.

; activity:

a measure of the rate at which radioactive material is emitting radiation,
usually given in terms of the number of nuclear disintegrations per unit of1

time. The standard unit of activity is the curie (C1).
.

ACVSF:
air-cooled vault storage facility. An alternative for the extended dry-

storage of packaged spent fuel.

; adsorption:
see sorption.'

.

!

AFR:
away-from-reactor . storage. Storage of spent fuel assemblies at a location |

4

not adjacent to the reactor in which they were used.

aging:
storage for the purpose of providing time for the decay of. short-lived

. radionuclides.

ALARA:
as low as reasonably achievable. ALARA refers to limiting release and
exposure and is used by the' NRC (10 CFR 50.34) in the context of " . . . as
low as . reasonably achievable _taking into account the state of -technology,

! and the economics of improvements in relation to benefits to : the public
health and safety and -other societal and socioeconomic considerations. . . ." ;

,

;

,
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;

alpha particle:
a positively charged particle, consisting of two neutrons and two protons,
emitted by certain radioactive materials.

ANSI:
American National Standards Institute.

APS:
American Physical Society.

aquifer:
a layer of permeable rock r soil through which water flows.

aquitard:
a layer of permeab1' ck or soil that retards, but does not prevent, the
flow of water to oi . rom an aquifer.-

argillaceous:
containing or pertaining to clay.

atomic number:
the number of protons within a nucleus,

atomic weight:
the mass of an atom relative to other atoms.

backfilling:
the placement of originally removed or new materials into excavated areas
of a mine, including holes drilled for waste canisters, drif ts, accessways
and shafts,

background radiation:
radiation occurring naturally in the environment, including cosmic rays,
the naturally radioactive elements of the Earth, and radiation from the
human body itself.

barriers:
features of a waste disposal system which act to either contain or isolate
radioactive waste.

beta particle:
a charged particle emitted by certain radioactive materials, which is
physically identical to the electron.

biosphere:
the part of the ~ Earth in which life can exist, including the lithosphere,

! hydrosphere, and atmosphere. See also: accessible environment and

| geosphere.

!
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biota:
animal and plant life.

BLM: Bureau of Land Management, U.S. Department of the Interior.

breccia:
rock fragments cemented together in a fine-grained matrix.

burial grounds:
areas designated for near-surface disposal of low-level radioactive wastes.

burnup:
a measure of reactor fuel consumption, expressed either as the percent:ge
of fuel atoms that have undergone fission, or the amount of energy produced
per unit weight of fuel in the reactor.

BWIP:>

Basalt Waste Isolation Project.

BWR:
boiling water reactor. A reactor system that uses boiling water as the
coolant.

CA:
construction authorization. Authorization by the NRC to construct a
nuclear facility.

calcine:
material heated to a temperature below melting point to bring about a more
chemically stable form through oxidation and the loss of moisture.

canister array:
the geometric configuration of encapsulated spent fuel elements; usually
associated with storage.

CFR:
U.S. Code of Federal Regulations.

chemical resynthesis:
i

the process whereby thermodynamic equilibrium between nuclear waste and its
host rock is attempted in order to enhance waste form stability.

cladding:
a layer of metal or metal alloy surrounding the nuclear fuel, which pro-
vides a barrier between the fuel and the reactor coolant. |

clastics:4

rock or sediments composed principally of broken fragments that are derived
from preexisting rocks or minerals.
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confining unit:
a distinct hydrogeologic unit which neither transmits ground water readily
nor yields significant quantitles of water to wells or springs. See also:
aquifer, aquitard,

constitutive law:
any law that defines natural relationships such as the dependence of strain
on stress for solid materials or pressure-volume relationships for gases.,

containment:
confining the radioactive wastes within prescribed boundaries, e.g., within.

-

a waste package.

containment integrity:
the ability of containment to meet applicable performance objectives.

control rod:
a device, insertable into a reactor care, which contains a material that {
readily atsorbs neutrons, and - which is used to control the power of a
nuclear reacter.

control rod guide thimbles:
generally, the tube through which the control rods are inserted in a PWR
fuel assembly.

i

convection cell:
an uneven movement of a stratum of the Earth's crust due to heat variations.

criticality:
a condition or state in which there occurs a self-sustaining nuclear chain
reaction.

crud:
the normal buildup of corrosive products on fuel assembly surfaces.

f curie (C1):
|

a unit of measurement of activity. One curie equals that quantity of _ any
1nuclide which undergoes 3.7 x 10 u disintegrations per second.t

DCSF:
dry caisson storage ' facility. An alternative for the extended storage of~

spent fuel. -

decay:
the process whereby radioactive particles undergo a change from one isotope
or state to another at a constant rate, releasing. radioactive particles

'

and/or energy in the process.

decommissioning:
removal from active service on a permanent basis.
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decontamination:
chemical or mechanical removal of radioactive materials from nonradioactive
materials in order that the latter would constitute a lesser radiation i

Jprotection concern.
,

deep continental geologic formations: .

geologic media beneath the continents, separated from biologic species and
,

phenomena, and distinct from ice sheets and sea floor geologic media, l

i

deionized water:
water which has undergone anion / cation ' exchange in order to remove ionic
impurities.

Department:
U.S. Department of Energy (see also DOE).

diapirism:
process of piercing or rupturing of domed or uplifted overlying rocks by
core material heated to the plastic state.*

disposal:
the placement of radioactive waste in a manner which is considered
permanent, with no intent to retrieve.

00E:
U.S. Department of Energy.

dose commitment:
the total dose equivalent that results from an intake of radioactive mater-
ials during all the time from the intake to deat.h of the organism. For j

humans, the dose is usually evaluated for a period of 50 years from the
intake. Units are rem. See also: dose equivalent.

dose equivalent: -
.

a basis for estimating consequential health risk, regardless of rate, quan-
tity, source, or quality of the radiation exposure. Dose equivalent is
expressed in units of rem. j

00T:
U.S. Department of Transportation.

drift:
a horizontal, or nearly horizontal, mined passageway.

,
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EIA:
Energy Information Administration (of the U.S. Department of Energy).

Environmental Assessment _(EA):
(a) A concise public document, for which a Federal agency is responsible,-

that serves to:
(1) Briefly provide sufficient evidence and analysis for determining

,

whether to prepare an environmental impact statement or a
finding of no significant impact.

(2) Aid an agency's compliance with the NEPA when an environmental
impact statement is necessary.

(3) Facilitate preparation of a statement when necessary.
(b) Shall include brief discussions of the need for the proposal, of

alternatives as required by Sec.102(2)(E) of NEPA, of the environ-
mental impacts of the proposed action and alternatives, and a listing
of agencies and persons consulted. >

Environmental Evaluation (EE):
a brief document prepared by the Department to verify that no significant
impact will result from p'roposed site characterization activities.

Environmental Impact Statement (EIS):
a detailed written statement as required by Sec.102(2)(C) of the National
Environmental Policy Act NEPA.

EPA:
U.S. Environmental Protection Agency.

epeirogeny:
slow uplift or subsidence over broad regions of the continental crust.

evaporites:
nonclastic sedimentary rocks composed principally of minerals produced from
a saline solution that became concentrated by evaporation of the solvent.
Rock salt and gypsum are examples of evaporites.

extensometer:
an instrument used in measuring strain.

!

| fission products:
the nuclei formed by the fission of heavy elements, plus the nuclides
formed by the subsequent radioactive decay of these fragments.

fuel:
fissionable material used as the source of nuclear power when placed in a
critical. arrangement in a nuclear reactor.

.

fuel assembly:
an array of fuel. rods or plates in a fixed configuration.

.
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fuel basket:
the holder or transfer mechanism for spent fuel in the water storage pool.

fuel cycle:

the series of steps involved in supplying fuel for nuclear power reactors,
including mining, milling, and refining of uranium, the original fabri-
cation of fuel elements, their use in a reactor, and possibly reprocessing
and refabrication of the recovered material into new fuel elements.

fuel rod:
a tube into which fissionable material is sealed for use in a fuel assembly.

gamma flux:
the number of gamma rays per square centimeter per second.

gamna ray:
electromagnetic radiation, similar in nature to x-rays, emitted by the.
nuclei of some radioactive substances during decay.

GCR:

Geological Characterization Report.

GEIS:
a generic environmental impact statement.

geologic oisposal:
placement of radioactive waste in deep stable geologic formations.

geometry control:
the method of preventing criticality in fissile material by controlling the [configuration of the material, which includes limitation of the significant
dimensions of vessels containing solutions of fissible material, and pre-
vention by mechanical means of close approach to each other of discrete
objects containing fissile material.

geosphere:
Any of the so-called spheres or layers of the Earth, including the atmos-
phere, lithosphere, and hydrosphere.

ground water:
water that exists or flows in or between geologic formations.

GWe:

gigawatts (electric). One gigawatt equals 1 billion watts of electricity.

half-life:

the time required for a substance to decay to half its original level of
radioactivity.
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,

. health' physics:
.

and management of 'the discipline concerned with recognition, evaluation,
hazards from radiation.'

! HEPA filter:
'high-eff.iciency particulate air filt'er. A filter designed to remove _very

j small particulate matter from air with a high level of effectiveness.
;

HLW:
: .

liquid wastes resultinghigh-lavel radioactive waste; spent nuclear fuel; -

'

from the operation of the first-cycle solvent extraction system and the -
concentrated wastes from subsequent extraction. cycles, or equivalent, in a-

; f acility for reprocessing irradiated reactor ' fuel. Also, solic; into which
,

; such wastes have been converted,

hot cell:

! a heavily shielded enclosure in which radioactive materials can be handled
by persons usinij remote manipulators. and viewing th~ rough shielded windows
or periscopes.

! HTGR fuel:
high-temperature gas-cooled reactor fuel; used in graphite-moderated,
helium-cooled reactors,

hydrosphere:
The waters of the Earth, as distinguished from the rocks (lithosphere),
living things (biosphere), and air (atmosphere).

ICRP: ,

International Council on Radiation Protection.
-

IFSF:
independent fuel storage. facility. Fuel storage facility _ located

separately from a nuclear power plant or fuel reprocessing -plant. See ,

I also: AFR.

igneous:
formed by volcanic action 'or intense heat (crystallized from an original
melt).

immobilization:
treatment and/or emplacement of nuclear wastes so as to impede-the movement
of radioactive isotopes.

- -
I

i ,.
.

; intrinsic permeability:
a measure .- of the _ relative : ease with which a~ porous . medium transmits a

_

-liquid ;under ~ a potential gradient. . It is a property of the medium alone-
and is independent of the-nature of the'. fluid.

c -
,

- C -: 8 -

._ - _ . . . _ . a . = - _ .____-_-. _ __



irradiated:
exposed to radiation (as from a nuclear reactor or particle accelerator).
Spent fuel has.been irradiated to the extent that it can no longer be used
effectively in a nuclear reactor.

isolation:
segregating wastes from the accessible environment (biosphere) to the
extent required to meet applicable radiological performance objectives.

K:d
distribution coefficient. The concentration of material in solvent is
divided by the concentration of material 'in solute. (

l

Keff-
effective neutron multiplication factor. A measure of the state of criti-
cality of a reactor. For a nuclear reaction to be critical, the Keff
must be equal to 1.

laser interferometry:
a method using laser sources and reflecting mirrors for determining suit-
ability of a particular portion of the Earth's crust for waste disposal.

lithosphere:
the solid portion of the Earth, as compared with the atmosphere - and the
hydrosphere; the crust of the Earth.

l

lithostatic pressure:
vertical pressure in the Earth's crust, equal to the pressure exerted by a
column of the overlying rock or soil.

LLW:
low-level radioactive waste.

-

LWR:
light water reactor, which uses a-coolant of ordinary water (H 0) instead2
of heavy water (D 0). An LWR may be either a BWR or a PWR. .2

metallography: ,

the study of the structure of metals, especi&1ly through use of the ;

microscope. l

microcurie / milliliter (ACi/ml): |

unit of activity defined in terms of the number of disintegrations per |

second per unit quantity,
|

millirem / hour (mrem /hr):
the rate at - which dose equivalent is received. A millirem is 1 one-
thousandth of a rem. See also: dose equivalent.

.
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mobility:
ability of a nuclide to migrate through a system.

multibarrier system:
a succession of barriers, operating independently or relatively indepen-
dently, which act to contain and/or isolate nuclear waste.

mwd /mtu:
megawatt-day per metric ton of uranium. A unit used for expressing burnup
of fuel in a reactor; specifically, the number of megawatt-days heat output
per metric ton of uranium in the reactor fuel.

NAS:
U.S. National Academy of Sciences.

NASA:
U.S. National Aeronautics and Space Administration.

NCRP:

National Council on Radiation Protection and Measurement.

NEPA:
National Environmental Policy Act of 1969.

neutron flux:
a measure of the number of neutrons crossing a unit space in a unit of
time, usually expressed in units of neutrons per square centimeter per
second.

NNWSI:
Nevada Nuclear Waste Storage Investigations.

NRC:
U.S. Nuclear Regulatory Commission. Also, National Research Council of the
National Academy of Sciences.

NTS:
Nevada Test Site.

-

NWTS Program:
Nuclear Waste Terminal Storage Program. DOE's program for the disposal of
high-level nuclear waste.

ONWI:
Office of Nuclear Waste Isolation at Satte11e Memorial Institute, Columbus,
Ohio, under contract to DOE.

ORNL:
Oak Ridge National Laboratory, Oak Ridge, Tennessee.

!
'
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- overp ack:
secondary (or additional) external containment for packaged nucler.r waste
See also: multibarrier system.

pathway:
routes by which wastes might reach the accessible environment.

PHWR:,

pressurized heavy water reactor,
'plutonic rock:

a rock formed at considerable depth by crystallization.of molten rock or by
chemical alteration.

PNL:
Pacific Northwest Laboratory, Battelle.

poison:
any material of high neutron absorption cross-section that absorbs neutrons!

prior to their interaction in a fission reaction.

PWR:
pressurized water reactor. A reactor system t' hat uses a pressurized water
primary cooling system.

rad:
radiation absorbed dose. The basic unit of absorbed dose of ionizing radi-

| ation. A dose of one rad means the absorption of 100 ergs of radiation
energy per gram of absorbing material,

radioactive particulate's:
minute discrete particles which are radioactive.

radiolysis:
splitting of chemical molecules due to interactions with radiation.

; radionuclide:
the radioactive form of an element which exhibits spontaneous decay or dis-
integration, usually accompanied by the emission of ionizing radiation.

; radiotoxicity:
a measure of the ability to cause health effects due to radiation.

R&D:
research and development.

'

release limits:
regulatory limits established for nuclear facilities regarding permissible
amounts of radioactive material released into the atmosphere or water.

C - 11
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rem: ,

the unit of individual dose equivalent.

repository system:
the configuration of man-made features designed to act in harmony with the

- natural system to provide long-term containment and isolation of nuclear
wastes and to provide for receipt., inspection handling, emplacement, and
potential retrieval of wastes.during the operating phase.

reracking:
a rearrangement of the water pool used for storage of spent fuel which,

results in additional spent-fuel storage capacity.

residual uncertainties:
those inherent uncertainties in data, modeling, and assumed future con-
ditions which cannot be eliminated.

retrievability:
capability to remove waste from its place of isolation using planned
engineering procedures,

risk:
the chance of consequence, often expressed as the product of the consequen-
ces and the probability of an event's occurrence.

roentgen:
a unit for measuring gamma or x-ray radiation. The roentgen is defined by
measuring the effect of the radiation on air. It is that amount of gamma
or x-rays required to produce ions carrying 1 electrostatic unit of charge
in 1 cubic centimeter of dry air at standard conditions of temperature and
pressure.

salt dome:
natural intrusive diapiritic salt formations.

seismicity:
the tendency for the occurrance of earthquakes.

I sensitivity analysis:
a method of determining the importance of changes in parameters or assump-
tions relative to a predicted outcome.

| shielding: ,

materials used to absorb radiation. Common shielding materials are con- )'

i , crete, water, and lead.

shipping cask:
a specially designed container used for ' shipping radioactive materials.

.
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sipping method:
procedure by which the amount and character of gases escaping from a defec-
tive fuel assembly are measured.

sorption:
retardation of chemicals in solution by adsorption or absorption; the term
for retention of one substance by another, by close-range chemical or
physical forces. Absorption occurs within the pores of a material; adsorp-
tion occurs chiefly at the surface of a material.

source term:
a definition used in mathematical modeling to describe input into a system.

spall:

to flake off from a surface.

spent fuel:
fuel utilized to the extent that it can no longer be efficiently used in a
nuclear reactor,

storage rack:
the rack in the water storage pool that holds the unencapsulated spent fuel
assemblies.

subcritical:
the state wherein fissionable material is insufficient in quantity or of
improper geometry to sustain a . . . chain reaction. .

synergistic:
pertaining to the actions of more than one agent, whose combined effect is
greater than and/or different from the sum of the individual effects.

tectonic process:
any process that produces changes in the Earth's crust as a result of the
application of stress.

.

thermal power level:
a measure of the heat given off by a material to its environment.

transmutation:
conversion of a isotope to a different isotope by bombarding it with
nuclear particles.

transshipment:
shipping spent fuel from one reactor of a utility company to the site of'
another reactor of the same type owned by the same company for the purpose
of storage at the second reactor site.

.
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transuranic: ,

TRU; pertaining to elements with mass numbers greater than 92, including
(among others) neptunium, plutonium, americium, and curium.

TRU waste:
transuranic waste. DOE defines TRU waste as that waste containing amounts
of transuranic elements greater than 10 nanocuries per gram.

tuff:
a rock composed of the finer kinds of volcanic detritus, usually stratified.

~.

ultrasonic:
waves or vibrations having a frequency of about 20,000 hertz or more.

USDA:
U.S. Department of Agriculture.

waste management:
the planning, execution, and surveillance of essential functions related to
the control of radioactive (and nonradioactive) waste, including treatment,
solidification, initial or long-term storage, surveillance, and isolation.,

waste package: ,

the system of engineered components that may include waste form,
stabilizer, canister, overpack, sleeve, and emplacement hole backfill.

,

water basin storage:
a specially designed and operated large water pool for storing, cooling,
maintaining, and shielding spent fuel elements.

.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY C0l#1ISSION

IN THE MATTER OF )
'
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.
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